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(54) OPERATION TERMINAL FOR A ROBOT AND SAFETY SWITCH

(57) An operation terminal (15B) for an industrial
robot is provided. The operation terminal incudes an
enable switch (49B) provided with a control dial (81)
rotatable about an axial line (CL1) extending in the thick-
ness direction of the operation terminal and a sensor unit
(82). The sensor unit detects that the dial position is at a
second position in a rotary range of the control dial. The
rotary range has also first and third positions in the rotary
range.When the rotary position of the control dial is at the

second position, the robot main body is allowed to oper-
ate, and when the rotary position is at the first or third
position, the robot main body is disallowed to operate.
Around the control dial 81, a finger rest (92) is formed on
which the operator can place the fingers (F1, F2) which
are operating the control dial (81) when the operator
rotates and holds the control dial (81) at the second
position.
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Description

Background

[Technical Field]

[0001] The present invention relates to an operation
terminal for a robot, such as an industrial robot, and a
safety switch employed in the operation terminal.

[Background Art]

[0002] As an example of industrial robot operation, a
terminal such as a teaching pendant is used. Some of
these operation terminals are equipped with an enable
switch to improve safety during manual operation. An
enable switch is a safety switch that enables or disables
manual operation of an industrial robot. In the case of the
proposal shown inPatentReference1, this enable switch
has an actuator. When this operator is pushed in slightly
(i.e. pushed to the intermediate position), manual opera-
tion of the robot is enabled. On the other hand, if the
operator is pushed in further, manual operation is dis-
abled.

[Patent reference]

[0003] [patent reference 1] JP-A 2012‑24848

[Technical Problem]

[0004] However, according to the structure described
in Patent Document 1, in order to maintain the state
where manual operation has been enabled, it is neces-
sary to hold the operator of the operation terminal in an
intermediate switching position. It is thus necessary to
continuously applyaconstant forceso that thestrengthof
the fingers operating the operator does not become too
weak or too strong. In practice, even if you are conscious
of the force you are applying, there will be some fluctua-
tion in that force. Therefore, some users may choose to
focus on the shape of their hands (fingers) and maintain
their hands in a certain position while still operating.
However, continuouslyapplying the force for longperiods
of time or maintaining the same hand shape can be a
significant burden for the user. This is a concern that
could reduce the efficiency of work using the operation
terminal.

Summary

[0005] The present invention has beenmade in light of
the issues and other matters described above, and its
main purpose is to reduce the burden on the user when
operating an operation terminal for an industrial robot by
using the operation terminal.
[0006] As one mode of the present invention, there is
provided an operation terminal for a robot (15) used to

operate an industrial robot (11), including:

a safety switch (49B) has a rotary-type safety control
unit (81) and a detection unit (82) that detects when
the rotary position of the safety operation member
has reached a predetermined rotary position (PS2),
which is an intermediate position at the rotary range
of the safety operation member,
wherein when the rotary position of the safety opera-
tion member is at the predetermined rotary position,
the operation of the industrial robot is allowed, and
when the rotary position of the safety operation
member is not at the predetermined rotary position,
the operation of the industrial robot is disallowed,
and
a finger rest (92) onwhich the operator can place the
fingers operating the safety operation member dur-
ing which the operator holds the safety operation
member in a state where the safety operation mem-
ber is rotated to and at the predetermined rotary
position.

[0007] Hence, in the operation terminal for a robot
according to this mode, the fingers operating the safety
operation member can be placed on the finger rest pro-
vided around the safety operation member. Hence, the
finger can be in contact with both the safety operation
member and the finger rest. It can therefore be estimated
that the finger rest functions as an aid to maintain the
position and shape of the finger operating the safety
operationmember. Thus, the dependenceon finger force
in holding the safety operation member in a given rotary
position can be reduced.
[0008] For example, the finger position in the direction
of the axial line can be prevented from fluctuating by
placing the fingertip or other portions on the finger rest
(stopper function). The finger position is less likely to vary
due to the friction created by the fingertip against the
finger rest (resistance generating function). By reducing
the burden on the operator in this way, it becomes easier
to maintain a state in which the industrial robot is allowed
to move.
[0009] In addition, as another mode of the present
invention, there is provided a safety switch (49B) applied
to anoperation terminal for a robot (15B),which is used to
operate an industrial robot (11), including:

a rotary-type safety control unit (81) and
a detection unit (82) capable of detecting that the
rotary position of the safety operationmember is at a
predetermined rotary position (PS2), which is an
intermediate position in the rotary range of the safety
operation member,
wherein
when the rotary position of the safety operation
member is at the predetermined rotary position,
the operation of the industrial robot is allowed, while
when the rotary position of the safety operation
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member is not at the predetermined rotary position,
the operation of the industrial robot is disallowed,
the safety switch is provided with a finger rest(92)
formedaround the safety operationmember, and, an
operator places a finger thereof operating the safety
operation member when the safety operation mem-
ber is rotated to and held at the predetermined rotary
position.

[0010] According to the safety switch of the second
mode, it is easier to keep the industrial robot in a state
where its operations are allowed by reducing the burden
on the operator.

Brief Description of Drawings

[0011] In the accompanying drawings:

Fig. 1 is a perspective view showing an industrial
robot system according to a first embodiment;
Fig. 2 is a block diagram showing an electric config-
uration of the first embodiment of the industrial robot
system;
Fig. 3A is a front view showing an operation terminal
employed in the first embodiment;
Fig. 3B is the rear view showing the operation term-
inal;
Fig. 4A outlines the structure of an enable switch
installed in the operation terminal;
Fig. 4B is a graph showing a relationship between
resistance values and amounts of stroke of the en-
able switch;
Fig. 5 is a flowchart showing an operationmonitoring
processexecutedbyaCPU installed in theoperation
terminal;
Fig. 6 is a graph exemplifying a flow for switchovers
between allowance and disallowance of manual op-
erations at the operation terminal;
Fig. 7 is a flowchart showing a setting change pro-
cess executed by the CPU installed in the operation
terminal;
Fig. 8A is an illustration exemplifying contents to be
displayed in the setting change;
Fig. 8B is another illustration exemplifying contents
to be displayed in the setting change;
Fig. 9 is a graph outlining how a reference range for
changing thresholds is performed;
Fig. 10 is a flowchart showing anautomatic changing
process executed by the CPU installed in the opera-
tion terminal;
Fig. 11 is a block diagram showing an electric con-
figuration of a second embodiment of the industrial
robot system;
Figs. 12Aand12Bare illustrations explain a problem
to be solved, when a plurality of force sensors are
used together in a convention operation terminal;
Fig. 13 is a flowchart showing a setting change
proceed executed in the second embodiment;

Figs. 14A and 14B are illustrations outlining how a
reference range is set for each of the force sensors;
Figs. 15A, 15B and 15C are illustrations explaining a
modification;
Fig. 16 is a rear view of an operation terminal em-
ployed in a third embodiment;
Fig. 17 is a partial sectional view which is cut along a
A-A line shown in Fig. 16;
Fig. 18 is a partial sectional view showing an internal
structure of an enable switch employed in the third
embodiment;
Fig. 19Aand19Bare tablesoutlininga flowof switch-
over between the allowance and disallowance state
for manual operations;
Fig. 20A, 20B and 20C are sectional view outlining
switch positions;
Fig. 21A is a partial perspective view showing an
operation terminal employed in a forth embodiment;
Fig. 21B is apartial sectional viewshowinganenable
switch employed in the forth embodiment;
Fig. 21C shows illustrations outlining switch posi-
tions;
Fig. 22A, 22B and 22C outline a modification of the
enable switch;
Fig. 23A, 23B, 23C, 23D and 23E outline another
modification of the enable switch;
Fig. 24A and 24B outline another modification of the
enable switch;
Fig. 25A is a rear view showing an operational term-
inal adopted by a fifth embodiment;
Fig. 25B is a partial sectional view which is cut along
a B-B line shown in Fig. 25A;
Figs. 26A, 26B and 26C are illustrations outlining a
relationship between potions of an inserted finger
and light reception states at respective positions;
Figs. 27A and 27B are tables outlining a flow of
switchover between the allowance and the disallow-
ance states for operator’s manual operations;
Figs. 28A, 28B, 28C, and 28D are illustrations show-
ing an enable switch adopted by a sixth embodiment
and showing operator’s positions in the entable
switch;
Figs. 29A, 29B, 29C and 29D are illustrations ex-
plaining a modification;
Figs. 30A, 30B and 30C are illustrations explaining
another modification; and
Figs. 31A and 31B are illustrations explaining an-
other modification.

Description of the Preferred Embodiments

[0012] With reference to the accompanying drawings,
various embodiments of an operation terminal for an
industrial robot and a safety switch which can be em-
ployed by the operation terminal will now be described.
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<First embodiment>

[0013] The following is an explanation of a first embo-
diment, which is embodied in a robot system used in
factories and other facilities, with reference to the draw-
ings. A safety switch is also embodiment in the robot
system.
[0014] Asshown inFig. 1, an industrial robot system10
(thereafter, simply referred to as a robot system) includes
an industrial robot 11 (thereafter, simply referred to as a
robot), which is provided as a vertical articulated-type
industrial robot. Although it is not shown in the diagram,
the robot 11 is installed in an area surrounded by a safety
fence.Thus, the robot 11 isengaged invarious taskssuch
as transporting and assembling workpieces in this area.
[0015] The robot main body 11 has a robot main body
12which includesabasepart 22 that is fixed toapedestal
or the like. This main body also includes a shoulder part
23 supported by the base part 22, a lower arm part 24
supported by the shoulder part 23, a first upper arm 25
supported by the lower arm part 24, a second upper arm
part 26 supported by the first upper arm part 25, a wrist
part 27 supported by the second upper armpart 26, and a
flange part 28 supported by the wrist part 27.
[0016] The base part 22 and the shoulder part 23 have
a first joint connecting the base part 22 and the shoulder
part 23. The shoulder part 23 can rotate horizontally
about the connecting axis (a first axis AX1) of the first
joint. The connecting axis is an axis through which the
rotational axis of the electric motor (not shown) that
connects both arms or connecting elements mutually
and relatively rotatably at the joint.
[0017] The shoulder part 23 and lower arm part 24
have a second joint connecting both the shoulder part
23 and lower arm part 24. The lower arm part 24 is
rotatable in the vertical direction around the connecting
axis (a second axis AX2) of the second joint. The lower
arm part 24 and the first upper arm part 25 have a third
joint connecting the lower arm part 24 and the first upper
arm part 25. The first upper arm part 25 is rotatable in the
vertical direction around the connecting axis (a third axis
AX3) of the third joint.
[0018] The first upper arm part 25 and the second
upper arm part 26 have a fourth joint connecting the first
upper armpart 25 and the second upper armpart 26. The
second upper arm part 26 is rotatable in a twisting direc-
tion around the connecting axis (a fourth axis AX4) of the
fourth joint. The second upper arm part 26 and wrist part
27 have a fifth joint connecting the secondupper armpart
26 and the wrist part 27. The wrist part 27 is rotatable in
the vertical direction around the connecting axis (a fifth
axis AX5) of the fifth joint. Thewrist part 27 and the flange
part 28 have a sixth joint connecting the wrist part 27 and
the flange part 28. The flange part 28 can be rotated in a
twisting direction around the connecting axis (a sixth axis
AX6) of the sixth joint.
[0019] The shoulder part 23, lower arm part 24, first
upper arm part 25, second upper arm part 26, wrist part

27, and flange part 28 are arranged in series to form a
liner form when being extended linearly. Thus, such
components constitute the arm 21 of the robotmain body
12. An end effector 13 (e.g., hand) is attached to the
flange part 28, which constitutes the tip of the arm 21.
[0020] The arm 21 is equipped with a servo motor 31
(see Fig. 2) for joint drive, a rotary encoder (not shown)
that detects the rotationangle of each joint (i.e., axis), and
a torque sensor (not shown) that detects the rotation
torque caused at each joint (i.e., axis). The servo motor
31, rotary encoder, torque sensor, and other necessary
elements are connected to the robot controller 14. The
robot controller is functionally equipped with a drive
control unit. The drive control unit is adapted to control
the drive of each of the servomotors 31, based on data
such as position data (i.e., encoder values indicating
rotation angles (rotary positions), etc.) obtained from
the rotary encoders.
[0021] The robot controller 14 is communicably con-
nected via a cable to a teaching pendant (hereinafter
referred to as "operation terminal 15"), which is a high-
level controller. Data communication is performed be-
tween the robot controller 14 and the operation terminal
15 via a communication interface. When the robot con-
troller 14 receives motion commands from the operation
terminal 15, the robot controller 14 is adapted to control
the drive of both the robot main body 12 and the end
effector 13, based on the motion commands.
[0022] In the operation terminal 15, an application is
installed in advance to create control programs that
define the work contents, work order, and other informa-
tion which should be assigned to the robot main body 11.
Specifically, such applications include a setting support
application that supports the setting (including direct
teaching) of the movements of robot main body 11 per-
formed by the user. The user creates the control pro-
grams by directly inputting codes for drive control using
the operation terminal 15 or by manually directly operat-
ing the robot main body 11.
[0023] A supplementary explanation of the operation
terminal 15 will now be explained with reference to Figs.
2, 3A and 3B. Fig. 3A shows the front view of the opera-
tion terminal 15 and Fig. 3B shows the rear view of the
operation terminal 15.
[0024] The operation terminal 15 has a touch panel
display 41 onwhich variousGUIs for controlling the robot
main body 11 are displayed, and a control board 61 (see
Fig. 2) on the rear surface of the display 41. Furthermore,
the operation terminal 15 has an abbreviated rectangular
housing 42 (holder) that accommodates those display 41
and control board 61 in an overlapping state. The display
surface (operating surface) of display 41 is exposed
through an opening in the front surface section 42a of
housing 42. Various controls such as switches and but-
tons are located in the front surface section 42a of hous-
ing 42, surrounding this opening (exposed part of the
display 41).
[0025] For example, a mode switchover switch 45 is
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provided in the upper left-hand corner of display 41. The
mode switchover switch 45 is used to switch the control
mode (operation mode) of the robot main body 11 to
manual mode (MANUAL) or automatic mode (AUTO).
Manualmode isamode inwhich the robotmainbody11 is
operated manually by operating each of the posture
change buttons 46 on the right side of the display 41.
The manual mode is used for setting up the work and
teaching. For example, during teaching (when creating
the control program described above), the operator en-
ters the safety fence with the control mode set to the
manual mode. The operator manually changes the pos-
ture of the robot main body 11 by operating the posture
changebuttons 46. For eachof these changes, a position
capture button 47, which is located alongside the posture
changebuttons 46, is operated. This operation allows the
teaching points to be set. After creating the control pro-
gram, theoperator exits thesafety fenceandchanges the
control mode to the automatic mode. This allows the
robot main body 11 to operate automatically according
to the control program created.
[0026] Above the group of buttons, including posture
change buttons 46 and position capture button 47, is an
emergency stop switch 48,which is used to stop the robot
main body 11 in an emergency. These, the mode switch-
over switch 45, posture change buttons 46, position
capture button 47 and emergency stop switch 48 are
connected to the control board 61. The operating infor-
mation from the operator is therefore input to aCPU62 of
the control board 61 (see Fig. 2).
[0027] The left and right ends of the housing 42 are
provided with a gripper 43, which is gripped by the
operator, and a hand strap 44 to prevent the operation
terminal 15 from falling. Each gripper 43 has a protrusion
part 51 that expands out from a rear surface section 42b
of the housing 42. The protrusion part 51 extends up and
down along the edge of the rear surface section 42b. The
protrusion part 51 has a central facing part (side wall
section 52) of the operation terminal 15. When the op-
erator grips the gripper 43, he hangs his finger on that
section (side wall section 52). Thismakes it easier for the
operator to stabilize the posture of the operation terminal
15.
[0028] The gripper 43 (left side gripper 43 in this
embodiment) has a central facing part (side wall section
52) of the rear surface section 42b. In this section (side
wall section 52), an enable switch 49 is protruded. The
enable switch 49 is a safety switch to enable or disable
themanual operation of the robot main body 11 when the
above control mode is set to the manual mode. Specifi-
cally, the allow command, which allows manual move-
ment of the robot main body 11, is output from the
operation terminal 15 to the robot controller 14 when
the above emergency stop switch 48 is not operated
and the enable switch 49 is operated ON (ON state).
This output enables (i.e. manual operation is allowed)
manual operation of the robotmain body 11. On the other
hand, when enable switch 49 is operated OFF (OFF

state), a prohibition command is output from the opera-
tion terminal 15 to the robot controller 14 to prohibit
manual operation of robot main body 11. This output
disables (disallow) the manual operation of robot main
body 11. In other words, in manual mode, the robot main
body 11 can be operated when the enable switch 49 is
held in the ON state.
[0029] When an operator enters and works within the
safety fence above, the operation rangeof the robotmain
body 11 and the work range of the user may overlap. In
this situation, the hand can be removed from the enable
switch 49 when manually operating the robot main body
11. This allows the robot main body 11 to be stopped.
[0030] Here, conventional contact-type enable
switches are configured so that the ON state is achieved
when the fixed and movable contacts make contact
(connection). This means that, due to its structure, the
force to maintain contact between the contact points
emanates from the user. Therefore, it is necessary to
keep applying a certain amount of force (pressing force)
to hold the enable switch in the ON state. This operation
leads to finger and hand fatigue and places a heavy
burden on the operator. In addition, although the fingertip
force needs to be controlled, if the force applied is too
weak or too strong, the allowance is cancelled. In other
words, the coordinationof fingertip force control is difficult
in practice. For this reason, operators often respond by
fixing the shape of their hands (finger posture) and re-
ducing the variation in force. It is also burdensome for
operators with regard to maintaining finger posture.
[0031] In particular,whencreating thecontrol program,
the work tends to be time-consuming. In this respect
alone, the burden on operators is too great to be ignored.
Thismay reduce the concentration on the operations that
shouldbecarriedout to create the control program, and is
feared to be a factor that reduces work efficiency. In
consideration of these circumstances, the enable switch
49 shown in this form is designed to reduce theburdenon
the operator using the operation terminal 15. This is one
of the features. The structure of the enable switch 49 is
described below, first with reference to Fig. 4, as a
supplementary explanation.
[0032] As shown in (A1), (A2) and (A3) of Fig. 4A, the
enable switch49 isequippedwithanoperationdevice57,
which is operated by the user by pressing. The operation
device 57 is located in an opening 53 formed in the side
wall section 52 of the protrusion part 51 above. The
operation device 57 is held in such a way that it can be
displaced between a protruding position (see (A1)), in
which it protrudes from theopening53concerned, andan
evacuated position (see (A3)), in which the protrusion is
less than in the protruding position concerned. The op-
eration device 57 is forced into the protruding position by
a forcingmember58 (springmember).Whenpushing the
operation device 57 into the evacuated position, it is
necessary to press the operation device 57 against the
force of the forcing member 58. When the operation
device 57 is pushed into the evacuation position, it hits
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a stopper portion 54 on the protrusion part 51 side and
cannot be pushed any further. When pushed into the
evacuated position, the forcing member 58 is not com-
pressed any further.
[0033] The forcingmember 58 is sandwiched between
the operating device 57 and a recess 54R of the stopper
portion 54. Between that recess 54R and the forcing
member 58 is a force sensor 59 as a detection unit for
detecting the pressing force applied to the operation
device 57 by the operator. The force sensor 59 is con-
nected to the control board 61, so the measured values
by the force sensor 59 are received by the CPU 62 of the
control board 61.
[0034] As shown in Fig. 4B, the resistance created
when operating the operation device 57 increases as
the amount of operation of the operation device 57, i.e.
the amount of compression of the forcing member 58,
increases. In other words, the force required to push in
the operation device 57 (pressing force) increases with
the amount of operation. After the operation device 57
reaches the position where it hits the stopper portion 54
(the evacuation position mentioned above), the pressing
force is directly transmitted to the stopper portion 54.
Therefore, the pressing force detected by the force sen-
sor 59 does not increase any further.
[0035] In the present embodiment, a range of pressing
forces (hereafter referred to as reference range) suffi-
cient todetermine that theenable switch is in theONstate
(allowed state) is required. This reference range is stored
in the reference area of RAM64. In the following descrip-
tion, it is possible to distinguish three positions of the
operation device57 (i.e. the state of theenable switch 49)
in relation to the reference range. The threepositionsare:
the first positionPS1,where themeasuredpressing force
is less than the reference range; thesecondpositionPS2,
where the measured pressing force is within the refer-
ence range; and the third position PS3, where the mea-
sured pressing force is greater than the reference range.
As shown in Fig. 4B, the amount of operation of the
operation device 57 and the pressing force are propor-
tional to each other.
[0036] The flowchart in Fig. 5 below describes the
process for switching between allowance/disallowance
(operationmonitoring process) performedby theCPU62
of operation terminal 15. The operation monitoring pro-
cess is performed by the CPU 62 as part of the regular
process when the above control mode is set to manual
mode and the above emergency stop switch 48 is not in
the ON state. This process is, for example, an interrupt
process at regular intervals.
[0037] In the operation monitoring process, step S101
is first performed by the CPU 62. In other words, it is
determined whether or not the situation is such that the
operation of robotmain body 11 is allowed. If the situation
is to allow the robot main body 11 to operate, proceed to
step S102. In step S102, the pressing force being gen-
erated by the operator’s pressing operation is measured
using the force sensor 59. In step S103, the measured

value of the pressing force is contrasted with the above
reference range stored in the reference area of RAM 64.
[0038] When themeasured value of the pressing force
is within the reference range, the CPU 62 makes an
affirmative decision in step S104 and then terminates
this operation monitoring process. This will ensure that
the operation allowance continues. In contrast, when the
measured value of the pressing force is outside the
reference range, the process proceeds to step S105.
In step S105, it is determined whether the measured
value exceeds the upper limit of the reference range.
In other words, it is determined whether the operation
device57 ispushed in furtherandmoved from thesecond
position PS2 to the third position PS3.
[0039] When a negative determination is made in step
S105, this means that the operation device 57 has re-
turned from the second position PS2 to the first position
PS1 due to the hand leaving the operation device 57 or
other reasons. In this case, this operation monitoring
process is terminated after cancelling the allowance in
step S106, i.e. after starting the output of the inhibit
command to the robot controller 14. This keeps the robot
main body 11 stationary until the operation is again
allowed.
[0040] In this step S107, the allowance restriction pro-
cess is performed. This restriction avoids that the opera-
tion of the robotmain body11 is allowed tobe triggeredby
the operation device 57, even if it passes through the
second position PS2 in the process of returning from the
third position PS3 to the first position PS1. The CPU 62
then cancels the allowance in step S106 and terminates
this operation monitoring process. Thus, in this system,
even if the measured value deviates from the reference
range during allowance, the subsequent switchingmode
of allowance/disallowance is different depending on
whether the deviation is on the small or large side.
[0041] Returning to the description of step S101, when
the operation of the robot main body 11 is disallow, a
negative decision is made in the step S101 by the CPU
62, and the step proceeds to stepS108. In stepS108, the
pressing force is measured using the force sensor 59,
and in the following stepS109, themeasured value of the
pressing force is compared with the reference range.
Each of these stepsS108 andS109 is similar to the steps
S102 and S103 described above.
[0042] In the subsequent step S110, it is determined
whetheranallowance restriction is in theprocessofbeing
implemented. If it is determined that the allowance re-
striction is not in progress, proceed to step S111. When
the measured value is outside the reference range, a
negative decision is made in step S111. This operation
monitoring process is then completed. When the mea-
sured value belongs to the reference range, i.e. the
operation device 57 has moved from the first position
PS1 to the second position PS2, a positive decision is
made in step S111 and the process proceeds to step
S112. In step S112, the robot main body 11 is allowed to
operate. Specifically, in this allowance situation, if the
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above emergency stop switch 48 is not in the ON state,
the output of the allowcommand to the robot controller 14
is initiated. Thereafter, this operation monitoring process
ends.
[0043] When a positive decision is made in step S110,
i.e. when the allowance is in the process of being re-
stricted, proceed to step S113. In this step S113, it is
determined whether the restriction release condition is
satisfied. Specifically, it is determined whether the mea-
sured value is smaller than the reference range, i.e.,
whether the operation device 57 has returned to the first
position PS1. If the restriction release condition is not
satisfied, a negative decision is made in step S113 and
this operation monitoring process is terminated. On the
other hand, if the restriction release condition is satisfied,
an affirmative decision is made in step S113, and the
program proceeds to step S114. In step S114, the re-
striction cancelling process is executed, and then this
operation monitoring process is terminated. When the
restriction cancelling process is executed and the mea-
sured value falls within the reference range, the robot
main body 11 is allowed to operate. Specifically, when the
measured value is within the reference range and the
above emergency stop switch 48 is not in the ON state,
the output of an allowance command to the robot con-
troller 14 is started. The limit release condition shown in
this form may be set as measured value = 0N (no push
pressure).
[0044] Referring now to a timing chart shown in Fig. 6,
the flow of allowance/disallowance switching in theman-
ual mode is illustrated. Although not shown in the figure,
the emergency stop switch 48 is maintained in its OFF
state in the case of example shown in Fig. 6.
[0045] At the timing of ta1, immediately after the press-
ing operation of the enable switch 49 (i.e, the operation
device 57) is started, the pressing force has increased
and reached the lower limit of the reference range (i.e.,
the lower threshold). In other words, the operation device
57 has moved from its position PS1 to its position PS2.
Based on thismovement, the operation of the robot main
body 11 is switched from "disallowance" to "allowance".
After that, the operation device 57 is held so that the
pressing force is within the reference range. The user
removeshis/her hand from theoperationdevice57as the
robot main body 11 finishes its operation. As a result, the
operation device 57 is returned from the second position
PS2 to the first positionPS1by the forcegeneratedby the
forcing member 58. In this case, the pressing force has
dropped and the operation of robot main body 11 has
switched from the "allowance" to "disallowance" of the
manual operation at the timing of ta2 when the pressing
force has become smaller than the lower limit of the
reference range (i.e., lower threshold value).
[0046] At the timingof ta3, thepressingoperationof the
enable switch 49 (the operation device 57) is started
again, and the pressing force increases and reaches
the lower limit of the reference range. Based on this
reach, the operation of the robotmain body 11 is switched

from the "disallowance" to "allowance" of the manual
operation. In the situation where the operation device
57 is held so that thepressing force iswithin the reference
range, the pressing force is rising rapidly as the operator
grips the operation device 57 strongly. At the timing of ta4
when the pressing force exceeds the upper limit of the
reference range (i.e., the upper threshold), the operation
of robot main body 11 switches from the "allowance" to
"disallowance" of the manual operation. Immediately
after that, at the timing of ta5, the operation device 57
hits the stopper portion 54, resulting in that further push-
ing is no longer possible. Therefore, the pressing force
measured by the force sensor 59 has reached its peak
and remains at the upper limit of measurement.
[0047] At the timing of ta6, the operator removes
his/her hand from the operation device 57. As a result,
the operation device 57 is returned from the third position
PS3 to the first positionPS1by the forcegeneratedby the
forcing member 58. In this case, the pressing force is
temporarily within the reference range because of the
second position PS2. However, the operations of the
robot main body 11 are maintained in the "disallowance"
by the allowance restriction described above.
[0048] It is noted that the allowance restriction is re-
leased when the pressing force falls below the lower limit
of the REFERENCE RANGE. Therefore, at the timing of
ta7 after the operation device 57 returns to the first
position PS1, the pressing force increases again and
reaches the lower limit of the reference range (the lower
threshold value). Hence, in response to this reach, the
manual operation of robot main body 11 is switched from
the "disallowance" to "allowance".
[0049] For the enable switch 49 shown in the present
embodiment, the enable switch 49 does not have the
contact structure provided in the conventional enable
switch. Therefore, even when the operation device 57
is held in its second position PS2 corresponding to the
"allowance," no force is required to maintain contact
between the fixed contact and the movable contact. This
circumstance makes it possible to lower the lower limit
(the lower threshold) of the foregoing reference range. In
other words, it is possible to lower the pressing force
required of the operator to "allow" the robot main body 11
to operate manually.
[0050] On the other hand, in a situation where the
operator wants to "disallow" the manual operation of
the robotmain body11, a change from the "disallowance"
to "allowance" by only lightly touching operation device
57 is a factor that can cause tension to the operator.
Although such an event can be avoided by keeping the
finger away from the operation device 57, the movement
of thefinger to forcibly release it from theoperationdevice
57 can be a burden to the operator. It is assumed that,
especially for operators with stronger finger strength, a
slightly higher lower limit of the reference range (the lower
threshold) may be preferred compared to operators with
weaker finger strength. Thus, it is assumed that appro-
priate values for the lower limit of the reference range
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differ depending on the operators.
[0051] The upper limit of the reference range (the
upper threshold) may also have different appropriate
values for different operators. Specifically, an operator
with weaker finger strength may not be able to success-
fully perform the safety function unless the upper limit of
the reference range is reached even if the operator im-
mediately pressesdownhard on the operation device 57.
In addition, if an operator with stronger finger strength is
forced to re-perform the pressing operation by pressing
down a little harder on the operation device 57, the
operator’s workload will increase and work efficiency will
decrease.
[0052] In the present embodiment, one of the features
is that the upper and lower limits (the threshold values) of
the reference range can be changed based on the op-
erator’s operations in consideration of the foregoing cir-
cumstances. The following describes the reference
range changing process (functionally corresponding to
a setting change process) executed by theCPU62 of the
operation terminal 15 with reference to the flowchart in
Fig. 7. The setting change process is a process executed
by the CPU 62 as part of periodic processing, such as a
time-sharing scheme.
[0053] In the setting change process, first, at step
S201, it is determined whether the robot main body 11
is allowed to operate. If the judgment is positive in step
S201, the setting change process is terminated as is. In
other words, the setting change of the reference range is
restricted so that setting changes of the reference range
are not allowedwhile the robotmain body 11 is allowed to
operate, in order to prevent the reference range from
being unexpectedly changed during the operations of the
robot main body 11.
[0054] When the operation is not being allowed, a
negative judgment is made in step S201, and the pro-
gram proceeds to step S202. In step S202, whether a
setting change is in progress is determined. If not, a
negative judgment is made in step S202 and the opera-
tion proceeds to step S203. In stepS203, it is determined
whether a start operation of setting changes has been
performed. If the start operation has not been performed,
anegative judgment ismade in stepS203and this setting
change process is terminated.
[0055] When the start operation is performed, a posi-
tive decision is made in step S203 and the process
proceeds to step S204 to execute the setting change
start process, and then this setting change process is
terminated. In the setting change initiation process, op-
erations such as posture change buttons 46 are disabled
(not permitted), and a window for setting change (here-
inafter referred to as "customized window CS") is dis-
played on the display 41 (see Fig. 8A). In the customized
window CS, a gauge clearly indicating that a setting
change is in progress is displayed. In addition, the gauge
also displays a message that urges the user to operate
the enable switch 49, the remaining time until the setting
change, the range of pressure that can be input (herein-

after referred to as "specified range"), and the current
pressure. In the setting change start process, a timer
counter is activated to specify the measurement timing
for measuring the pressing force that is a base (de-
fault???) for the setting changes. In the present config-
uration, a base pressure is measured when 10 seconds
have elapsed from the start.
[0056] Returning to the explanation of step S202, if the
setting change is in progress, a positive judgment is
made in step S202 and the process proceeds to step
S205. In step S205, the foregoing timer counter is refer-
enced to determine whether it has reached themeasure-
ment timing. If it is determined that the timing has not
reached the measurement timing, the setting change
process is terminated as is. If it is determined that the
timing has reached themeasurement timing, the process
proceeds to stepS206,where the force sensor 59 is used
to measure a base (???) pressing force. In the subse-
quent step S207, it is determined whether the pressing
forcemeasured in stepS206 iswithin the specified range
described above. If the measured pressing force is de-
termined to be within the specified range, it proceeds to
step S208 to calculate each threshold value that is the
upper and lower limits of the reference range, based on
the measured pressing force (i.e., a measured value).
[0057] Specifically, theupper threshold is calculatedby
adding, to the base value, i.e, the measured pressing
force, a constant α previously stored in the ROM 63, and
the lower threshold is calculated by subtracting, from the
base value, i.e., themeasured pressing force, a constant
β previously stored in the ROM 63 (see Fig. 9). In the
present embodiment, a relation of the constant α > the
constant β is set, and the upper limit side is configured to
allow more variations (i.e., upward swung values) of the
pressing force.
[0058] After the upper and lower limits (the threshold
values) of the reference range are calculated in step
S207, the reference range is changed in step S209.
Specifically, a reference area is provided in the RAM
64 of the control board 61 to store each threshold value
of the reference range to be referred to, and each thresh-
old value after the change is stored in this reference area.
In the reference area, default values stored in the ROM
63 were already copied when the operation terminal 15
was started, and in step S209, those default values are
changed to the newly calculated threshold values.
[0059] In the subsequent step S210, the registration
processof the changed reference range is executed. The
operation terminal 15 shown in the present embodiment
is configured so that it can be used by entering an
operator ID (identification information). In the registration
process in step S210, the changed threshold values are
registered inadatabankof theRAM64whilebeing tied to
the current operator ID. After that, the setting change
termination process is executed in step S211, and then
this setting change process is terminated. In the setting
change termination process, the customized window CS
is non-displayed and the operation restrictions such as
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the posture change buttons 46 described above are
cancelled.
[0060] Returning to the explanation of step S207, if the
measuredpressing force is outside the specified range, a
negative judgment is made in step S207 and the process
proceeds to step S212. In step S212, the operator is
informed that the measured pressing force is outside
the specified range. Specifically, a message to the effect
that it is outside the specified range is displayed in the
customized window CS on the display 41 (see Fig. 8B).
After that, in step S213, the re-measurement process is
executed, and then this setting change process is termi-
nated. In the process for re-measurement, the foregoing
timer counter is restarted and the remaining time until re-
measurement is displayed in the customizedwindowCS.
[0061] The setting change function described above is
expected to reduce theburdenonoperators.On theother
hand, there is a concern that redoing the setting change
each time the operation terminal 15 is used may give
operators an impression that it is bothersome. Such a
concern could be a factor that prevents this function from
being utilized. In this regard, for the operation terminal 15
shown in the present embodiment, the past setting
change information (registration information) is read
when the operator logs into the operation terminal 15.
Therefore, a configuration in which past setting change
information is automatically reflected is realized.
[0062] Referring to the flowchart in Fig. 10 below, the
configuration related to this automatic change function,
specifically, the automatic changing processexecuted by
the CPU 62 as part of periodic processing, will be ex-
plained.
[0063] In the automatic changing process, first, at step
S301, it is determined whether a login operation to the
operation terminal 15 has been performed. If a negative
judgment is made in step S301, the automatic changing
process is terminatedas is. If a positive judgment ismade
in step S301, the process proceeds to step S302. In step
S302, it is determined whether a registered operator ID
has been entered. In other words, it determines whether
the login is with a registered operator ID or an unregis-
tered guest ID.
[0064] If it is a registered operator ID, the process
proceeds to step S303 to read the threshold values of
the reference range registered in the past from the library
in the RAM 64 and copy them to the foregoing reference
area in the RAM 64. After that, the change notification
process is executed in stepS304,and then this automatic
changing process is terminated. In the notification pro-
cess of step S304, a message indicating that the refer-
ence rangehas beenchanged is displayed on thedisplay
41.
[0065] Returning to the explanation of step S302, if the
login is with an unregistered guest ID, the process is as
follows.After executing the setting changeguidancestart
process in step S305, this automatic changing process is
terminated. In the "setting change" guidance start pro-
cess, an explanation of the reference range change

function in the operation terminal 15 is started. After
the explanation, the process corresponding to steps
S205 to S213 of the setting change process (see Fig.
7) is executed based on the operator’s setting change
start operation.
[0066] After completing the guidance in step S305, it is
possible to configure the system to execute the process
corresponding to steps S205 to S213, regardless of
whether the operator operates to start setting change.
It is also possible to configure the system to execute a
process functionally equivalent to steps S205 to S213 at
the time of the initial switchover to manual mode, instead
of a configuration in which a process functionally equiva-
lent to stepsS205 toS213 is executed at the timeof login.
[0067] According to the first embodiment detailed
above, the following excellent effects can be expected.
[0068] According to the configuration shown in the
present embodiment, the operations (manual opera-
tions) of the robot main body 11 are allowed when the
pressing force measured by the force sensor 59 is within
the reference range. If the measured pressing force (the
operation force) is less than the reference range or great-
er than the reference range, the operations (manual
operations) of the robot main body 11 are disallowed.
With this configuration, for example, if the operator is
operating the robot main body 11 manually and the
operation device 57 is pressed strongly by a sudden tight
clenching action of the operator’s hand, the operations of
the robotmainbody11aredisallowed.This is desirable to
improve the safety of and around the robot system 10.
[0069] When conventional safety switches have a con-
tact structure (fixed and movable contacts), the force
required to maintain contact between the contacts is
necessary, and the force required to stabilize the state
of contact can be high. On this point, according to the
configuration shown in the present embodiment, which
switches between the allowance and disallowance de-
pending on the measured pressing forces, the foregoing
contact structure is not necessary, and the force to main-
tain the contact between the contacts is also not neces-
sary. Therefore, a smaller pressing force than before can
beallowed toallow the robotmainbody11 tooperate, and
the pressing force (i.e., the lower limit of the reference
range) required of the operator can be reduced. This is
desirable to reduce the burden on the operator in main-
taining the state of allowing the robot main body 11 to
move.
[0070] In order to maintain the robot main body 11 in a
state where its motions are allowed, the pressing force
applied to the operation device 57must be keptwithin the
reference range, and the size of the pressing force that is
easy to maintain the constant may differ for each opera-
tor. In other words, if a gap becomes larger between the
set reference range and the pressure force that the
operator can easily maintain the constant, the burden
on theoperatormay increase. In this regard, asexplained
in the present embodiment, it is effective in reducing the
burdenon theoperator tohaveaconfiguration that allows
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theoperator to change the reference range that servesas
the allowance criterion.
[0071] In reducing theburdenon theoperator’sfingers,
it is preferable to lower the lower limit of the reference
range. On the other hand, it may be desirable to set the
lower limit of the reference range a little higher in the
following cases. In other words, if the operation of robot
main body 11 is to be disabled while the operation term-
inal 15 is being held by the operator, it is not desirable for
the operator that the robot main body 11 operates due to
unintentional touching of the operation device 57. It may
be burdensome for the operator to pay attention to pre-
vent such an event from occurring. Therefore, it is effec-
tive to set the lower limit of the reference range slightly
higher to reduce the possibility of such unintended op-
erations. For these reasons, it is technically significant to
set the lower limit of the reference range to be subject to
change.
[0072] It is desirable to have a configuration in which
theoperationsof the robotmainbody11aredisallowedor
disenabled (i.e., its allowance is canceled) when the
operation device 57 is pushed strongly in a sudden ac-
tion, in terms of improving safety. Although it is desirable
to lower the upper limit of the reference range to some
extent in order to improve safety, there is a concern that if
the upper limit is lowered, the robot will be disallowed
(disenabled) in its motions even if the pressing force is a
little stronger, whichwill easily reduce thework efficiency.
This would not be effective in reducing the burden on the
operator. For these reasons, it is technically significant to
make the upper limit of the reference range subject to
change.
[0073] The need to change the reference range each
time the operation terminal 15 is used is undesirable for
improving work efficiency. Therefore, as explained in the
present embodiment, a configuration that can reflect the
results of past changes can reduce the operator’s work-
load and contribute to improving work efficiency. This is
desirable in reducing the burden on operators and im-
proving work efficiency.

<A second embodiment>

[0074] A second embodiment will now be described
with refence to Figs. 11 to 14A and 14B.
[0075] The second embodiment differs from the first
embodiment in the configuration related to the detection
of pressing force, so that the characteristic configuration
of the second embodiment will be explained, focusing on
the differences from the first embodiment. The explana-
tion will be omitted for configurations common to the first
embodiment as appropriate.
[0076] As shown in Fig. 11, the second embodiment
has a first force sensor 59a and a second force sensor
59b as the force sensor 59 that detects the pressing
force. These first force sensor 59a and second force
sensor59bare inparallel relationshipandare individually
connected to the control board 61. The CPU 62 of the

control board 61 receives a measured values by the first
force sensor 59a and a measured values by the second
force sensor 59b, and compares each measured value
with the reference range individually. By duplicating the
configuration for detecting the pressing force in this way,
misjudgment due to noise or failure of any of the force
sensors 59a and 59b can be reduced, and the possibility
that the operation of the robot main body 11 is erro-
neously allowed can be reduced. This is desirable to
improve the reliability of the operation terminal 15.
[0077] When the two force sensors 59a and 59b are
used together, while an improvement in reliability can be
expected, but the following inconveniences may occur.
Specifically, the actual reference range may become
smaller than the reference range being set, and the
variation range (variations) of the allowable pressing
force may become smaller when the operations of the
robotmain body 11 aremaintained in the allowed state. A
supplementary explanation of this reason is given below
with reference to Figs. 12A and 12B. Figs. 12A and 12B
exemplify a case in which there is a difference between
themeasured values of the first force sensor 59a and the
measured values of the second force sensor 59b due to
individual differences and/or other factors.
[0078] In a pattern PN1, the measured values of the
first force sensor 59a and the second force sensor 59b
are all near the upper limit of the reference range. How-
ever, theyareall within the reference range, and the robot
mainbody11 is "allowed" tooperate. InapatternPN3, the
measured values of the first force sensor 59a and the
measured values of the second force sensor 59b are all
above the upper limit of the reference range, and the
robot main body 11 is "disallowed". In these two patterns
PN1 and PN3, there is no effect of using the two force
sensors 59a and 59b together. In contrast, in a pattern
PN2, themeasured value of the second force sensor 59b
iswithin the reference range,while themeasuredvalueof
the first force sensor 59a exceeds the upper limit of the
reference range. In this case, although setting the opera-
tions of the robot main body 11 to be "disallowed" can
contribute to improving reliability, the actual upper limit of
the reference range is lower than the set upper limit of the
reference range.
[0079] Next, in a pattern PN4, the measured values of
the first force sensor 59a and the second force sensor
59b are all near the lower limit of the reference range.
However, they are all within the reference range, and the
robot main body 11 is "allowed" to operate. In a pattern
PN6, the measured values of the first force sensor 59a
and thesecond forcesensor59barebothbelow the lower
limit of the reference range, and the robotmain body 11 is
"disallowed". In these twopatternsPN4andPN6, there is
noeffect of using two forcesensors59aand59b together.
In contrast, in a pattern PN5, the measured value of the
first force sensor 59a is within the reference range, while
the measured value of the second force sensor 59b is
below the lower limit of the reference range. In this case,
although setting theoperation of robotmain body 11 to be
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"disallowed" can contribute to improving reliability, the
actual lower limit of the reference range is lower than the
set lower limit of the reference range.
[0080] In other words, the actual reference range can
be narrower at both the upper and lower limits, making it
less tolerant of variations in the pressing force. In antici-
pation of such a reduction in the actual reference range, it
is possible to take measures such as widening the re-
ference range itself in advanceHowever, it is undesirable
to widen the reference range without any consideration,
because itmay increase the hurdle for shifting to the third
position PS3 at the timing when it should be shifted, or it
may cause unexpected shifting to the second position
PS2 at the timing when it should remain in the first
position PS1.
[0081] The present embodiment takes these circum-
stances into consideration. Specifically, a reference
range for comparison with the measured value of the
first force sensor 59a (hereinafter referred to as "a first
reference range") and a reference range for comparison
with the measured value of the second force sensor 59b
(hereinafter referred toas "asecond reference range) are
provided separately. This separate setting is one of the
features of the system. The first reference range and the
second reference range are changed at the time of the
setting change described. The setting change process in
the present second embodiment is explained here with
reference to the flowchart in Fig. 13 and the schematic
diagrams in Figs. 14A and 14B. The steps S401 - S405
and S413 - S415 of the setting change process in the
second embodiment are the same as steps S201 - S205
and S211 - 213 of the setting change process explained
in the first embodiment.
[0082] When it is determined in step S405 that it is time
to measure the pressing force, the processing proceeds
to step S406 to measure a pressing force using the first
force sensor 59a and a pressing force using the second
force sensor 59b.When thesemeasured pressing forces
are within the above specified range, the processing
proceeds to step S408 to calculate the threshold values
(first threshold values) that are the upper and lower limits
of the first reference range, respectively, from the press-
ing force (measured value) measured by the first force
sensor 59a. Specifically, as shown in Fig. 14A, the upper
threshold value is calculated by adding a constant α
previously stored in ROM 63 to the measured value,
and the lower threshold value is calculatedby subtracting
a constant β previously stored in ROM 63 from the
measured value.
[0083] After the threshold values (the first threshold
values) that are the upper and lower limits of the first
reference range are calculated in step S408, the first
reference range is changed in step S409. Specifically,
the RAM 64 of the control board 61 has a first reference
area that stores the first reference range to be refer-
enced, and each threshold value (each first threshold
value) obtained by the change is stored in this first
reference area.

[0084] In the subsequent step S410, the threshold
values (second threshold values) that are the upper
and lower limits of the second reference range are cal-
culated from the pressing force (a measured value)
measured by the second force sensor 59b, respectively.
Specifically, as shown in Fig. 14B, the upper threshold
value is calculated by adding a constant α previously
stored in the ROM 63 to the measured value, and the
lower threshold value is calculated by subtracting a con-
stant β previously stored in the ROM 63 from the mea-
sured value. In the present embodiment, the constants α
and β used in the calculation process of step S408 and
the constants α and β used in the calculation process of
step S410 are the same values.
[0085] After the threshold values (second threshold
values) that are the upper and lower limits of the second
reference range are calculated in step S410, the second
reference range is changed in step S411. Specifically, a
second reference area is previously provided in theRAM
64 of the control board 61 to store the second reference
range to be referenced, and each threshold value (each
second threshold value) providedby the change is stored
in this second reference area.
[0086] After this storage, the registrationprocessof the
changed first reference range and second reference
range is executed in step S412. After the setting change
termination process is executed in stepS413, this setting
change process is terminated.

<Modification 1>

[0087] The specific configuration for setting change
(customization) of the reference range can be modified
as follows. As illustrated in Fig. 15A, the range of mea-
sured values by the force sensor 59 is classified into
multiple ranges in advance, and the threshold values
that are the upper and lower limits of the reference range
are stored in the ROM 63 corresponding to each classi-
fication. This may be configured to determine the thresh-
old value to be read from the ROM 63 according to which
category the actual measured value belongs to.

<Modification 2>

[0088] In the first and second embodiments described,
the reference range is determined based on the mea-
sured value of the pressing force of the operation device
57 when the reference range is set to change. However,
the system is not limited to this configuration. For exam-
ple,multiple reference ranges (e.g., "low," "medium," and
"high") may be prepared as candidates for selection, and
the operator may select one reference range from these
candidates. For example, the reference range (the
threshold value) may be directly inputted (i.e, directly
changed) by operating input keys (e.g., numeric keys,
etc.).
[0089] As shown in Fig. 15B, it is recommended that
each of the upper and lower thresholds have a range in
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which the thresholds can be changed. Defining the set-
table range is desirable to prevent the upper limit thresh-
old from being set excessively high, making it substan-
tially difficult to shift to the third position PS3, or the lower
limit threshold from being set excessively low, causing
frequent shifts to the second positionPS2, contrary to the
operator’s intention.

<Modification 3>

[0090] In thefirst andsecondembodiments, thecase in
which each threshold value that is each of the upper and
lower limit of the reference range is subject to change
(subject to customization) is exemplified, but is not limited
to such a configuration. Only the upper threshold value
may be subject to change, or only the lower threshold
value may be subject to change.

<Modification 4>

[0091] In the first and second embodiments, the con-
figuration is designed tomeasure thebasepressing force
whenapreset timeelapsesduring settingchange.On the
other hand, this can be changed by providing a setting
button on the operation terminal 15 and pressing the
buttonwhile pressing and operating the operation device
57 during setting change. This can be configured to
measure the base pressing force.
[0092] However, when the setting button is pressed
while pressing andoperating theoperation device 57, the
pressing force of the operation device 57 may fluctuate
when the setting button is pressed. In view of this situa-
tion, it is technicallymeaningful to configure themeasure-
ment execution condition to be satisfied without simulta-
neousoperationofanyotheroperationpart other than the
operation device 57.

<Modification 5>

[0093] In the first embodiment, the upper threshold is
calculated by adding the constant α to the base pressing
force (the measured value), and the lower threshold is
calculated by subtracting the constant β from the base
pressing force. The constants α and β used to calculate
the threshold values do not necessarily need to be "con-
stants α > constant β." Alternatively, it is possible to set
"constant α = constant β" or "constant α < constant β."
The calculation method is not limited to addition/subtrac-
tion. Alternatively, the threshold values that are the upper
and lower limits of the reference range can be calculated
by the product of the base pressing force (the measured
value) and a correction factor.

<Modification 6>

[0094] In the first and second embodiments described
above, the operation device 57 serving as the "safety
operationmember" is configured to displace in the press-

ing direction by the operator’s pressing operation. How-
ever, this does not negate a type of safety operation part
that does not displace in the pressing direction, such as a
touch panel. The specific configuration for detecting the
pressing force (e.g., piezoelectric, strain gauge, or ca-
pacitance type) is arbitrarily provided.

<Modification 7>.

[0095] The operation device 57 serving as a "safety
operation member" may be arbitrarily positioned as long
as the hand gripping the gripper 43 can operate the
device by pressing the device. However, in order to
generateapressing forcewithout difficulty, it is preferable
to place an operation member in the part that is pinched
by operator’s fingers and to configure it so that the
direction pinched by the fingers becomes a pressing
direction.

<Modification 8>

[0096] A variable damper that can change resistance
(elasticity or viscosity) when the operation device 57 is
pressed and operated may be installed. In other words,
an operator’s feeling given from operations (such as
hardness or weight feeling) when pressing the operation
device 57 may be configured to be changeable (see, for
example, Fig. 15C). Even when the same reference
range (the same threshold values) is set, if the operation
stroke that reaches the threshold value can be different
depending on the setting of the variable damper, the
relationship between the operation stroke and the mag-
nitude of resistance can be optimized according to an
operator’s preference. For example, even if the lower
limit of the reference range is lowered, it is possible to
increase the operation stroke of the operation device 57
required to generate a pressing force that reaches the
lower limit. If the variable damper is configured using a
magneto-viscous fluid whose resistance changes with
the amount of electric current, the resistance can be
changed quickly and in various ways by electric current
control.

<Third embodiment>

[0097] A third embodiment will now be described with
reference to Figs.16 to 20A - 20C.
[0098] In the operation terminal 15 shown in the first
embodiment, the enable switch 49 is configured to al-
low/disallow the operations of robot main body 11 in
response to pressing operations. As shown in Fig. 16,
anenable switch 49B in anoperation terminal 15Bshown
in the present embodiment is of the rotary type, and can
be switched by turning the control dial 81, which is the
"safety operation member". This allows the robot main
body 11 to switch between allowance and disallowance
operations. In this respect, the configuration differs from
that of the first embodiment.
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[0099] The following description describes the enable
switch 49B and related configurations in the present third
embodiment with reference to Figs. 16 to 20A - 20C.
Descriptions of configurations common to those of the
first embodiment will be omitted as appropriate.
[0100] As shown in Fig. 16, the enable switch 49B is
located at the upper corner of the rear surface section
42BB of the operation terminal 15B (a housing 42B).
Below the enable switch 49B is a hand strap 44B that
spans the left and right ends of the operation terminal
15B. The operator’s hand H resting on a rear surface
section 42bB of the operation terminal 15B can hold the
operation terminal 15B by supporting the operation term-
inal 15B. In this case, the hand strap 44B and the rear
surface section 42bB sandwich the hand H, thereby
preventing the operation terminal 15B from wobbling in
posture or falling off from the hand H.
[0101] As shown in Fig. 17, the rear surface section
42bBhas an opening 91 formed through the housing 42B
in its thickness direction. The control dial 81 is placed so
that the control dial 81 protrudes from this opening 91.
The side wall section 81a of the control dial 81 (i.e., a
cylindrical portion) and the opening 91 are both circular,
centered on the axial line CL1 extending in the thickness
direction of the operation terminal 15B. The control dial
81 is attached to a housing 42B (amounting base 95) in a
rotatable state about the axial line CL1.
[0102] As shown in Fig. 18, the mounting base 95 is
formed with a stopper portion 97 and a forcing member
that forces the control dial 81 in the first direction. The
stopper portion 97 prevents the control dial 81 from
rotating in the first direction (corresponding to the clock-
wisedirection)when theoperation terminal 15B is viewed
from the rear side. When the control dial 81 is not being
rotated, the control dial 81 stays in the rotary position
where the control dial 81 is in contact with the stopper
portion 97 by the force of the forcing member.
[0103] To change the rotary positions of control dial 81,
it is necessary to rotate it in the second direction (corre-
sponding to the counterclockwise) against the force of
the forcing member while holding the side wall section
81a of the control dial 81 between the fingers. When the
hand is removed from the control dial 81, the control dial
81 returns to the position it was in before the rotation
operation (i.e. a position making the control dial 81 touch
the stopper portion 97) by the force of the forcing mem-
ber. In the present embodiment, the rotary range of the
control dial 81 is specified to be within a certain range
(specifically, 180°), and the control dial 81 does not return
to the original rotary position even if it is rotated to the
maximum extent in the second direction. Fig. 18 shows
the state (waiting state or initial state) in which the control
dial 81 is in contact with the stopper portion 97 by the
force of the forcing member.
[0104] The control dial 81 has a hollow and contains
therein a sensor unit 82, which is an optical sensor, and a
reflector 87. The reflector 87 has a cylindrical shape
centered on the axial line CL1 and is fixed to the control

dial 81. In otherwords, the rotary positions of the reflector
87change inaccordancewith thecontrol dial 81when the
control dial 81 is rotated. The control dial 81 is light-
shielding to prevent light from entering the control dial
81 from the outside.
[0105] As shown in Fig. 18, the reflector 87 has a slit 89
that penetrates in and out of a part of the reflector 87.
Since this slit 89 does not reflect light, it can be said that
reflector 87hasa reflectingpart 88 that reflects light anda
slit 89 that does not reflect light, which are aligned in the
directionof rotation.Thecontrol dial 81 ismadeof colored
opaquesynthetic resin, and its inner surface isprocessed
to absorb light. Therefore, light irradiated to the control
dial 81 through the slit 89 is suppressed from being
reflected.
[0106] The sensor unit 82 is located on the axial line
CL1 and has a light emitter 83 that emits light toward the
reflector 87 and a light receiver 84. Light reflected at the
reflecting part 88 of the reflector 87 is incident on the light
receiver 84. When the light from light emitter 83 is re-
flected by the reflecting part 88 of the reflector 87 and
irradiated to the light receiver 84, the light reception state
of light receiver 84 becomes a HiGH signal level. On the
other hand, when the light from the light emitter 83 is
irradiated to the control dial 81 through the slit 89 of the
reflector 87, the light intensity is greatly reduced, and the
light reception state in the light receiver 84 becomes a
LOWsignal level. In other words, the light reception state
of the light receiver 84 differs depending on the rotary
positions of the control dial 81.
[0107] There is explained a supplementary explana-
tion of the rotary positions (angles) of the control dial 81
and the light reception state with reference to Figs. 19A
and 19B. In the following explanation, the anglewhen the
control dial 81 is rotated in the second direction (counter-
clockwise) about the axial line CL1 is referred to as an
"rotation angle X".
[0108] When the rotation angle X meets a relationship
of 0°≤ angle X<35°, the light reception state of light
receiver 84 is a HiGH signal level because the reflecting
part 88 is located on the optical path of light from the light
emitter 83. When the rotation angle X meets a relation-
ship of 35°≦angleX≦55°, the light reception state of light
receiver 84 is a LOW signal level because the slit 89 (the
inner surface of the control dial 81) is located on the
optical path of the light from light emitter 83. When the
rotation angle X meets a relationship of 55° < angle X ≤
180°, the light reception state of light receiver 84 is the
HiGHsignal level because the reflectingpart 88 is located
on the optical path of the light from the light emitter 83. In
the following explanation, for convenience, the rotary
positions of the control dial 81 are referred to as a first
positionPS1when0° < angleX<35° ismet. In addition, if
35° ≤ angle X ≤ 55° is met, the rotary positions of the
control dial 81 are referred to as a second position PS2.
Furthermore,when 55° < angleX ≤180° ismet, the rotary
positions of the control dial 81 is referred to as a third
position PS3.
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[0109] The first position PS1 is a position where the
robot main body 11 is "disallowed" to move, the second
positionPS2 is a positionwhere the robotmain body 11 is
"allowed" tomove, and the third positionPS3 is a position
where the robot main body 11 is "disallowed" to move. In
other words, in the present embodiment, the control dial
81 must be kept in the second position PS2 when the
robot main body11 is operated to move in the manual
mode (see Fig. 19A).
[0110] Incidentally, the control dial 81 shown in the
present embodiment also passes through the second
position PS2 when returning from the third position
PS3 to the first position PS1, in the same way as the
operation device 57 shown in the first embodiment. For
example, after the robot main body 11 is disallowed to
move in the third position PS3, when releasing the hand
from thecontrol dial 81, thecontrol dial 81will return to the
first position PS1 (i.e., its initial state) due to the force of
the above-mentioned forcing member. In this case, the
switching from "disallowance" to "allowance" is restricted
until at least the control dial 81 returns to the first position
PS1. For this reason, even if the robot main body 11
moves to the second position PS2 during the return, the
robotmain body 11will not be "allowed" tomove (seeFig.
19B).
[0111] In the present embodiment, when the control
dial 81 is held to position at the second position PS2 to
maintain the "allowance" of movement of the robot main
body 11, it is necessary to use the two fingers F1, F2 that
are holding the control dial 81 to resist the force of the
forcingmember. It is assumed that continuing to resist the
force while maintaining the shape of the fingers in the air
would be a burden for the operator and would make it
difficult touse theoperation terminal 15 for longperiodsof
time. In addition, if the posture of the hand (fingers)
becomes inconsistent due to fatigue of the fingers, it will
become difficult to keep the control dial 81 at the second
position PS2. In the present embodiment, one of the
features is that consideration has been given to such
circumstances, and measures have been taken to re-
duce the burden on the operator. The following describes
thesemeasures, with reference to Figs. 16, 17, and 20A -
20C.
[0112] As shown in Fig. 16, a finger rest 92 is formed
around the control dial 81 on the rear surface section
42bBof the housing 42B,where the operator’s fingers F1
and F2 that are grasping the control dial 81 are placed.
The finger rest 92 forms a circular shape centered on the
axial lineCL1, andwhen looking at the operation terminal
15B from the rear surface section 42bB side, the finger
rest 92 surrounds the side wall section 81a of the control
dial 81 from the outside. The finger rest 92 faces in the
direction along theaxial lineCL1, and is a flat surfacewith
no bumps or dents formed over its entire circumference.
Also, asshown inFig. 17, thefinger rest 92 isoffset so that
it is higher than the peripheral portion of the rear surface
section 42bB.
[0113] As shown in Fig. 17, the fingertips of the fingers

F1andF2,whicharegrasping thesidewall section 81aof
thecontrol dial 81,are incontactwith thefinger rest 92.As
a result, the fingers F1 and F2, which are grasping the
side wall section 81a, are prevented from floating in the
air. This makes it easier to maintain the posture of the
fingersF1andF2. In addition,when the fingersF1andF2
come into contact with the finger rest 92, friction occurs
between the finger rest 92 and fingers F1 and F2. This
friction makes it easier to resist the force of the above-
mentioned forcing member, and reduces the burden on
the operator’s fingers. In particular, in the present embo-
diment, the side wall section 81a and finger rest 92 are in
anL-shapedposition relationship.Asa result, the contact
points between fingers F1 and F2 and the finger rest 92,
and the contact points between F1 and F2 and the side
wall section 81a, can be brought as close together as
possible. Bringing the two contact points closer together
is desirable for reducing the burden on the fingers.
[0114] As already explained, the operation terminal
15B shown in the present embodiment is configured so
that the operator can support it by placing their hand on
the rear surface section 42B. In other words, when the
operation terminal 15B is being supported, the weight of
the operation terminal 15B is also added to the fingers F1
and F2 of the hand H supporting the operation terminal
15B. This weight can increase the friction between the
fingers F1, F2 and the finger rest 92. This can prevent the
control dial 81 fromrotatingbypreventing thefingers from
slipping. In particular, the finger rest 92 is higher than the
surrounding area of the rear surface section 42BB. This
makes it easier for the weight of the operation terminal
15B to be added to fingers F1 and F2.
[0115] If theoperator suddenly removeshisorherhand
from the control dial 81 while the control dial 81 is posi-
tioned at the second position PS2, the control dial 81 will
return to the first position PS1 due to the force of the
forcing member. Hence, the robot main body 11 will
quickly switch from the "allowance" to "disallowance"
states.
[0116] On theother hand, if thehanddoesnot leave the
control dial 81 in an emergency, the following two pat-
terns are assumed. The first pattern is that the control dial
81 is rotated in the first or second direction by the hand to
the first position PS1 or the third position PS3. In this
pattern, as shown in Fig. 20B to Fig. 20A or Fig. 20B to
Fig. 20C, the side wall section 81a of the control dial 81
can be slid on the finger rest 92 while the fingers F1 and
F2 that are grasping the side wall section 81a are in
contact with the finger rest 92. Therefore, movement to
the first position PS1 or third position PS3 is not ob-
structed.
[0117] The second pattern is when the hand H that is
operating the control dial 81 is assumed to be clenched
(gripped) tightly. In this type of pattern, the fingers bend
due to the tight clenching motion. If the fingers F1 and F2
that are grasping the side wall section 81a move away
from the finger rest 92, the friction that was occurring
between the fingers F1, F2 and the finger rest 92 dis-
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appears. In addition, the difference in the curvature of
each finger F1 and F2 makes it easier for the rotary
position of the control dial 81 to shift. This can create
opportunities for the control dial 81 to shift to the first
position PS1 or the third position PS3.
[0118] According to the third embodiment detailed
above, the following excellent effects can be expected.
[0119] In the case of the operation terminal 15B shown
in the present embodiment, by placing the finger operat-
ing the "safety operation member", i.e., the control dial
81, on the finger rest 92 provided around the control dial
81, it is possible tomake the finger in contactwith both the
control dial 81 (specifically, the sidewall section 81a) and
the finger rest 92. With this kind of structure, the finger
rest 92 functions as a help in maintaining a constant
position and shape of the fingers operating the control
dial 81, and it is possible to reduce thedependenceon the
strength of the fingerswhen keeping the control dial 81 at
the second position PS2.
[0120] For example, the finger position in the axial line
CL1 direction becomes less variable by keeping the
fingertips etc. in contact with the finger rest 92 (providing
a stopper function), and the finger position in the orbital
direction becomes less. By reducing the burden on the
operator (the fingers), it becomes easier to maintain the
robot main body 11 in a state where the movement is
allowed.
[0121] According to theenableswitch49Bshown in the
present embodiment, for example, it is possible to con-
tact the sidewall section 81aof the control dial 81with the
palm of the fingers and contact the tips of the fingers with
the finger rest 92, or to contact the side wall section 81a
with the palms of the fingers and contact the side of the
fingers with the finger rest 92. In this way, if the contact
pointswith thesidewall section81aandfinger rest 92can
be concentrated on the fingertip side, the load on the
fingers when the control dial 81 is maintained at the
second position PS2 can be further suitably reduced.
[0122] Thefinger rest 92 is flat, so if theoperator tries to
move their handsuddenly (in thedirectionof rotation), the
finger operating the control dial 81 will slide over the
finger rest 92. This prevents the finger rest 92 from
interfering with the rotation of the control dial 81. This
is desirable for reducing the time lagwhendisallowing the
robot main body 11 to move.

<Fourth embodiment>

[0123] A fourth embodiment will now be described.
[0124] In the third embodiment described above, the
enable switch 49B is located on the back of the operation
terminal 15B, but in the present embodiment, the location
of the enable switch is changed from the third embodi-
ment, and the position and shape of the finger rest is also
changed accordingly. Referring to Figs. 21A, 21B, 21C
below, thedifferencesbetweenanenableswitch49Cand
a finger rest 92C of the present fourth embodiment and
thoseof the thirdembodimentwill beexplained. It is noted

that the description of the same components as the third
embodiment will be omitted as appropriate.
[0125] As shown in Fig. 21A, in the present embodi-
ment, anoperation terminal 15Chasagripper43C,which
isgrippedby theoperator’shand,at the left and right ends
of the operation terminal 15C, in the same way as the
operation terminal 15 shown in the first embodiment.
When holding the operation terminal 15C, the gripper
43C (at least the left-hand gripper 43C) is gripped, rather
than one hand being placed on the back of the operation
terminal 15B as shown in the second embodiment.
[0126] In the present embodiment, the enable switch
49C is arranged so that part of the control dial 81C
protrudes from the left side surface section (side surface
section 42C) of the housing 42C. In other words, the
enable switch 49C is arranged at a position that can be
operated by hand which is gripping the gripper 43C.
[0127] The control dial 81C is similar to the third em-
bodiment in that it can be rotated about the axial line CL2
that extends in the thickness direction of the operation
terminal 15C. However, the control dial 81C has a side
wall section 81aC that is operatedbyanoperator’s finger,
and the side wall section 81aC does not protrude in its
entirety in the direction of rotation, but only in part in the
direction of rotation. In this respect, the side wall section
81aCdiffers from that of the third embodiment. The rotary
position of the control dial 81C can be changed by sliding
a relevant finger (e.g. finger F2) up and down while the
finger is in contact with the side wall section 81aC of the
control dial 81C.
[0128] In addition, the control dial 81C is pivotally
supported by the mounting base 95C on the housing
42 (see Fig. 21B). The control dial 81C is prevented from
rotating clockwise when viewed from the front of the
operation terminal 15C by the stopper portion provided
in themountingbase95C. Inaddition, thecontrol dial 81C
is biased in the clockwise directionwhen viewed from the
frontof theoperation terminal 15Cby the forcingmember.
[0129] As shown in Fig. 21B, a light emitter 83C and a
light receiver 84C are arranged in line in the direction of
the axial line CL2 (front-back direction) as the sensor unit
82C shown in the present embodiment. The light emitter
83C and light receiver 84C are positioned opposite each
other across the control dial 81C. Specifically, the light
emitter 83C and light receiver 84C are positioned so that
the light emitter 83C and light receiver 84C face each
other.
[0130] If the light from the light emitter 83C is blocked
by the control dial 81C and does not reach the light
receiver 84C, the light receiver 84C will be in a LOW
state.As shown inFig. 21C, a slit 81cC is formed in part of
the control dial 81C through which light can pass. When
the slit 81cC is positioned on the light path from the light
emitter 83C due to the rotation of the control dial 81C, the
light from the light emitter 83C reaches the light receiver
84C through the slit 81cC, and the light receiver 84C
enters a state of receiving light at a HiGH signal level. In
the following explanation, the angle formed when the
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control dial 81 is rotated counterclockwise when viewed
from the front of the operation terminal 15C is referred to
as "angle X".
[0131] As shown in Fig. 21C(C1), when 0°≤ angle
X<35° is met, the body of the control dial 81C is located
on the light path of light from light emitter 83C. Therefore,
the light reception state in the light receiver 84Cbecomes
a LOW signal level and the operations of the robot main
body 11 becomes "disallowed", i.e., disabled (the first
position PS1). As shown in Fig. 21C(C2), when 35°≤
angle X≤ 55° is met, the slit 81C of the control dial 81C
is located on the light path of light from the light emitter
83C. Therefore, the light reception state in the light
receiver 84 becomes a HiGH signal level, and the opera-
tions of the robot main body 11 becomes "allowed", i.e,
enabled (the second position PS2). As shown in Fig. 21C
(C3), when 55°<angle X≤180° is met, the body of control
dial 81C is located on the light path of the light from light
emitter 83. Therefore, the light reception state in the light
receiver 84 becomes a LOW signal level and the opera-
tionsof the robotmainbody11becomes "disallowed", i.e,
disabled (the third position PS3). In other words, in the
present embodiment, the control dial 81Cmust be kept at
the second position PS2 when the robot main body 11 is
operated in the manual mode.
[0132] Asshown inFig. 21B, a finger rest 92Conwhich
the finger operating the control dial 81C (e.g., a finger F2)
is placed is formed in a side surface section 42cC of the
housing42.Thefinger rest 92C isprovidedataposition in
front of the control dial 81C in the thickness direction (i.e.,
a direction along an axial line CL2) of the operation
terminal 15C. This makes it easier to place the fingers
of the hand gripping the gripper 43C on the side wall
section 81aC of the control dial 81C. In particular, the
finger rest 92C is swollen so that it is higher than the
periphery of a side surface section 42cC, and a gap with
the side wall section 81aC of the control dial 81C is
reduced. This suppresses locally generated load on
the part of the finger that contacts control dial 81C.

<Modification 1>

[0133] In the third and fourth embodiments above, the
sensor unit 82 is configured with one set of the light
emitter 83 and light receiver 84. However, this configura-
tion can be modified as follows. That is, the sensor unit
may be configuredwithmultiple pairs of light emitters and
light receivers, and the configuration for detection of
rotary position may be multiplexed (duplexed).
[0134] For example, in the enable switch 49D shown in
Figs. 22A - 22C, a sensor unit 82D is constructed with a
first light sensor 82aD consisting of a first light emitter 83
and a first light receiver 84 and a second light sensor
82bDconsistingof a second light emitter 85andasecond
light receiver 86. The first light sensor 82aC and the
second light sensor 82bC are arranged back-to-back in
the opposite directions. The direction of light irradiation
by the first light sensor 82aC (the first light emitter 83) and

the direction of light irradiation by the second light sensor
82bC(thesecond light emitter 85)areoffset by180° in the
direction of rotation about the axial line CL1. Also, two
slits 89D are formed with the reflector 87D, and the two
slits 89D is arranged to be shifted by 180° in the direction
of rotation about the axial line CL1.
[0135] Therefore, when the control dial 81 is rotated
and located at the first position PS1as shown in Fig. 22A,
the light receptionstate in thefirst light receiver84and the
light reception state in the second light receiver 86 are all
at the LOW signal levels. When the control dial 81 is
rotated and located at the second position PS2 as shown
in Fig. 22B, the light reception state in the first light
receiver 84 and the light reception state in the second
light receiver 86 are all at the HiGH signal levels. When
the control dial 81 is stopped at the third position PS3 as
shown in Fig. 22C, the light reception state in the first light
receiver 84 and the light reception state in the second
light receiver 86 are all at the LOW signal levels. In other
words, basically, the light reception state of the first light
receiver 84 and the light reception state of the second
light receiver 86 coincide with each other.
[0136] The CPU 62 of the operation terminal 15 ac-
quires information indicating the light reception state og
the first light receiver 84 and information indicating the
light reception state of the second light receiver 86. Then,
the CPU 62 determines whether the light reception state
of the first light receiver 84 is at a HiGH signal level and
the light reception state of the second light receiver 86 is
at a HiGH signal level. If the CPU 62 determines that the
light reception states of both light receivers 84 and 86 are
at the same HiGH signal level, the robot main body 11 is
"allowed" to operate (i.e., enabled). On the other hand, if
either the light reception state of the first light receiver 84
or the light reception state of the second light receiver 86
is at the LOWsignal level, the operation of the robotmain
body 11 shall be "disallowed" to move (i.e., disabled).

<Modification 2>

[0137] In the third and fourth embodiment above, the
control dial 81 is configured to switch from the position 1
PS1, to the position 2 PS2, and to position 3 PS3 by
rotating the control dial 81 in the first direction (or the
seconddirection).Dependingonoperators, theremaybe
a difference in the burden of holding the control dial 81 at
the second position PS2, depending on the direction of
rotation of the control dial 81. Hence, in this modification,
this circumstance is taken into consideration.
[0138] Specifically, as shown in Figs. 23A to 23E, an
enable switch 49E switches from the first position PS1
(seeFig. 23A), to the secondpositionPS2 (seeFig. 23D),
and to the third position PS3 (seeFig. 23E) not only when
the control dial 81 is turned in the second direction but
also in the first direction. In other words, the second and
third positions PS2 and PS3 are set in both the first and
second directions. In order to realize this technical con-
cept, in the enable switch 49E shown in this modification,
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the stopper portion 97 shown in the third embodiment
above is omitted. In addition, the forcing member gen-
erates a force (a restoring force) in the second direction
when thecontrol dial 81 is rotated in thefirst direction from
the waiting state. The structure of the control dial 81 is
changed to generate a force (a restoring force) in the first
direction even when the control dial 81 is rotated in the
second direction from the waiting state. In the reflector
87E, a slit 89E corresponding to the rotary operation in
the first direction and a further slit 89E corresponding to
the rotary operation in the second direction are formed
respectively.
[0139] Incidentally, the rotary range of the control dial
81E is specified to be 180° in both the first and second
directions. In other words, the number of slits 89E that
pass through the front faceof thesensorunit 82by turning
in the first and second directions is one.
[0140] The rotary type of enable switch 49E,which can
be rotated inbothdirectionsasshown in thismodification,
should be placed in the center of the operation terminal
15B (the housing 42B) in the width direction as shown in
Fig. 24A. This arrangementmakes it easier to access the
enable switch 49E with either the left or right hand, and
the effect of allowing bi-directional rotation can be more
suitably demonstrated.
[0141] In thismodification, the slit 89E is formed so that
the rotationangle from thefirst positionPS1 to thesecond
position PS2 is the same angle in the first and second
directions, but it is not limited to such a configuration. The
slits 89Ecanbe formed so that the rotation angle from the
first positionPS1 to the secondpositionPS2 is different in
the first and second directions.

<Modification 3>

[0142] As shown in Figs. 21A to 21C, for the enable
switch 49C shown in the fourth embodiment, the fingers
of an operator’s hand gripping the gripper 43C can be
placed on the side wall section 81aC of the control dial
81C and held in the second position PS2. By the way, if
the hand gripping the gripper 43C is clenched suddenly,
there is a possibility that the control dial 81C will be
pushed toward the back. Therefore, the control dial
81C can be appeared or retracted, and if the control dial
81C is pushed in, this movement is detected and the
robot main body 11 is set to be "disallowed", thus being
led to further improve safety.
[0143] Specifically, as shown in Fig. 24B(B1) and (B2),
a mounting base 95F to which the control dial 81C is
attached so that it can be rotated is configured to be
raised and lowered, as in an enable switch 49F shown in
Fig. 24B(B1) and (B2). In addition, a forcing member is
provided which forces the control dial 81C in the protrud-
ing direction. The control dial 81C is pushed against the
force of the forcing member. The amount of protrusion of
the control dial 81Cmaybe changedby this force. Theslit
81cC formed on the control dial 81C canbepositioned on
the light path between the light emitter 83C and the light

receiver 84Cwhen thecontrol dial 81C is in theprotruding
position. On the other hand, when the control dial 81C is
pushed, the slit 81cC leaves the foregoing light path. This
means that the light from the light emitter 83C is blocked
by the body of control dial 81C. This positional relation-
shipenables the sensorunit 82 to detect themovement to
the pushed position. This eliminates the need for an
additional sensor to detect the push.

<Modification 4>

[0144] In the above third and fourth embodiments, the
rotary position of control dial 81 is detected using sensor
unit 82, which is an optical sensor, but this specific con-
figuration for detecting the rotary position can be arbi-
trarily designed. For example, other sensors such as a
magnetic sensor may be used.

<Modification 5>

[0145] In the above fourth embodiment, the control dial
81Cof theenableswitch49C isplaced inapositionwhere
it can be operated by the fingers of the operator’s hand
gripping the gripper 43C. However, this may be changed
such that the control dial 81Cmay be placed at a position
where it is covered by the hand (e.g., palmof hand) that is
gripping thegripper 43C. If theequality of thehandcanbe
placed against the control dial 81C and the control dial
81C can be held in the second position PS2, this can
contribute to reducing the burden on the fingers.

<Modification 6>

[0146] In the foregoing fourth embodiment, the finger
rest 92C is formedat theposition in front of the control dial
81C. in the side surface section 42cC of the housing 42.
Instead of or in addition to this, a finger rest may be
formed, still in the side surface section 42cC, at a position
behind the control dial 81C.

<Modification 7>

[0147] In the foregoing third embodiment, the control
dial 81B is installed so that the control dial 81 protrudes
from the rear surface section42bBof thehousing42B.As
a variation, the control dial 81B can be arranged so that
the top of the control dial 81B (, which is a flat part) is
located on the same plane as the rear surface section
42bB. In this case, the finger rest is still formedaround the
control dial 81B. Therefore, fingers can be placed over
both the finger rest and the top (flat part) of the control dial
81B.This reduces theburdenon thefingerswhenholding
the control dial 81B at its second position PS2.

<Modification 8>

[0148] In the third embodiment, the reflector 87 is fixed
to the control dial 81, but it is not limited to such a fixed
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structure. It is sufficient if the positional relationship
(phase relationship) between the sensor unit 82 and
the reflector 87 can be changed by the operator’s rotary
operations. Alternatively, the reflector 87 can be fixed to
the mounting base 95, while the sensor unit 82 can be
fixed to the control dial 81, and the sensor unit 82 can
rotate in accordance with the rotation of the control dial
81.

<Modification 9>

[0149] It is also possible to provide a protruded or a
concave part on the side wall section 81a of the control
dial 81 shown, for example, in the third embodiment, to
hang fingers on the operation surface.

<Fifth embodiment>

[0150] A fifth embodiment will now be described.
[0151] In the operation terminal 15 shown in the first
embodiment above, the operations of robotmain body 11
are switched between its allowance and disallowance
states (i.e., enabled anddisabled states) according to the
pressing force (magnitude of pressing force) when the
enable switch 49 is pressed by the operator.
[0152] In contrast, as shown in Figs. 25A and 25B, an
enable switch 49H shown in the present embodiment is
composed of an insertion type of switch in which a finger
is inserted. As shown in Figs. 25A and 25B, the present
embodiment of the robot main body 11 has such an
insertable switch 49H, in which the operation of the robot
main body 11 is switched between the allowance and
disallowance states according to inserted positions of the
finger into an insertion hole 101 provided in the operation
terminal 15H. In this respect, the configuration differs
from that of the first embodiment.
[0153] The following description describes the enable
switch 49H and related configurations in the present
embodiment with reference to Figs. 25A, 25B - 27A,
27B. Descriptions of configurations common to the first
embodiment will be omitted as needed. Fig. 25A is a rear
viewof theoperation terminal 15H,whileFig. 25B is aB-B
line partial cross-sectional view of Fig. 25A.
[0154] As shown in Fig. 25A, the enable switch 49H is
arranged in a protrusion part 51H formed in the rear
surface section 42bH of the housing 42H. The protrusion
part 51H extends vertically along the edge of the rear
surface section 42bH and is extended so that its width
increases in the upper part. In the part where the width is
not extended, it is possible to hook the tip of operator’s
fingers on the side wall section 52H of the protrusion part
51H by bending the fingers of the hand resting on the
protrusion part 51H. On the other hand, it is difficult to
bend the finger in the part with an extended width. In this
extended portion, specifically, in the protrusion part 51H,
the enable switch 49H is placed on the side facing the
thickness direction of the operation terminal 15H (flat
porton 55H). In other words, the enable switch 49H is

positioned in the flat portion 55H where any finger of the
hand H gripping the gripper 43H can reach. In Figs. 25A
and 25B, the case in which an index finger (hereinafter
referred to as a "finger F2") is inserted is illustrated.
[0155] As shown in Fig. 25B, the enable switch 49H
hasa tunnel-shaped insertionhole101 intowhichafinger
(the index finger F2) can be inserted. This insertion hole
101 includes the flat portion 55H positioned to face the
housing 42H and a housing 102 attached to the flat
portion 55H. In other words, the flat portion 55H and
housing 102 form a finger insertion space IS compart-
mentalized in the insertion hole 101.
[0156] The finger insertion space IS extends across
thewidth of the operation terminal 15H and is open to the
left. In otherwords, an entrance101aof the insertion hole
101 faces to the left. This makes it easier to insert the
finger (e.g., finger F2) of the hand H that is currently
gripping the gripper 43H. In Figs. 25A and 25B, the hand
strap 44 (see Figs. 3A and 3B) is omitted.
[0157] The housing 102 is composed of an inner cover
103 made of a colorless transparent synthetic resin hav-
ing light transmittance and an outer cover 104 made of a
colored opaque synthetic resin having light shielding
properties, which are combined to form an inner and
outer double layer. The sensor unit 111 is housed in a
gap formed between the inner cover 103 and the outer
cover 104. The sensor unit 111 has a first light sensor
111a provided with a first light emitter 112 and a first light
receiver 113, and a second light sensor 111b provided
with asecond light emitter 114andasecond light receiver
115. The first light sensor 111a is located at the entrance
side of the insertion hole 101, while the second light
sensor 111b is located at the rear side of the insertion
hole 101, in the direction of finger insertion.
[0158] Both the first light emitter 112 and the second
light emitter 114 face the insertion space IS, and face the
flat portion 55H across the insertion space IS. A long
plate-shaped reflector 117 is fixed to a part of the flat
portion 55H, which faces the insertion space IS. The
reflector 117 fits into a concave part formed in the flat
portion 55H and forms the inner wall of the insertion
space IS together with the flat portion 55H.
[0159] The light emitted from thefirst light emitter 112 is
transmitted through the inner cover 103 to the reflector
117, and the light reflected by the reflector 117 is trans-
mitted through the inner cover 103 again to reach the first
light receiver 113. When the light is returned in this way,
the light reception state of the first light receiver 113
exhibits a HIGH signal level. The light emitted from the
second light emitter 114 is transmitted through the inner
cover 103 to the reflector 117, and the light reflected by
the reflector 117 is again transmitted through the inner
cover 103 to reach the first light receiver 113. When the
light is returned in this way, the light reception state of the
first light receiver 113 exhibits the HIGH signal level.
[0160] Referring now to Figs. 26A, 26B and 26C, the
relationship between the inserted positions of the finger
and the light reception state of each of the light receivers
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113 and 115 is explained.
[0161] As shown in Fig. 26A, when the finger F2 is not
inserted into insertion hole 101, there is nothing to block
light from first light emitter 112 and light from second light
emitter 114. Therefore, as mentioned above, the light
reception statesof the first and second light receivers 113
and 115 are both at the HIGH signal level.
[0162] As shown in Figs. 26B and 26C,when the finger
F2 is inserted into the insertion hole 101, there is gener-
ated a difference in the light reception state of each of the
light receivers 113 and 115 depending on the inserted
position (i.e., an insertion depth) of the finger F2.
[0163] Specifically, as shown in Fig. 26B, a case is
assumed in which the finger F2 is inserted to a relatively
shallow position and does not reach the light path of
second light sensor 111b. In this case, the light from
the second light emitter 114 is reflected by the reflector
117 and reaches the second light receiver 115, whereby
the light reception state of the second light receiver 115 is
at HIGH signal level. In contrast, light from the first light
emitter 112 is diffused by hitting the finger F2, and only a
small amount of light reaches the first light receiver 113.
As a result, the light reception state of the first light
receiver 113 is set to a LOW signal level.
[0164] On the other hand, as shown in Fig. 26C, a case
is assumed in which the finger F2 is inserted and placed
at a relatively deep position and reaches both light paths
of the first light sensor 111aand second light sensor 111b.
In this case, the light emitted from thefirst light emitter 112
will be diffused by the finger F2, and only a small amount
of light will reach the first light receiver 113. The light
emitted from the second light emitter 114 also hits the
finger F2 and is diffused, resulting in that the light reach-
ing the second light receiver 115 is also a small amount of
quantity. Thus, the light reception states of the first light
receiver 113 and the second light receiver 115 are both
set to LOW signal levels.
[0165] In the following explanation, the position into
which the finger is not inserted in the insertion hole 101,
i.e., the position where the light reception states of both
the light receivers 113 and 115 are at HIGH signal levels,
is referred to as a "non-inserted position (precisely a non-
inserted positional range, but simply referred to as a non-
inserted position"). The positions where the light recep-
tion state of the first light receiver 113 are a LOW signal
level and the light reception state of the second light
receiver 115 is a HIGH signal level is referred to as a
"first inserted position (precisely a first inserted positional
range, but simply referred to as a first insertion position)".
Furthermore, the finger position at which the respective
light reception state of the first light receiver 113 and the
second light receiver 115 are both LOW signal levels is
referred to as a "second inserted position (precisely a
second inserted positional range, but simply referred to
as a second insertion position)".
[0166] Both of the first light sensor 111a and second
light sensor 111b are communicably connected to control
board 61 of the operation terminal 15H. Therefore, the

CPU 62 collects information showing the light reception
stateof each light receiver 113, 115.TheCPU62switches
the operations of the robot main body 11 to "allowance
(enabled) " and "disallowance (disabled)" selectively
according to the collected light reception state. The re-
lationship between the finger position and the "allowan-
ce"/"disallowance" switchover is explained with refer-
ence to Figs. 27A and 27B.
[0167] When the finger is positioned at the "non-in-
serted position", i.e., when the light reception states of
both of the light sensors 111aand111bat theHIGHsignal
level, the robot main body 11 is "disallowed" to move.
When the finger is inserted and located at the "first
inserted position", that is, when the light reception state
of the first light sensor 111a is at the LOWsignal level and
the light reception state of the second light sensor 111b is
at the HIGH signal level, the robot main body 11 is
"allowed" to move. By keeping the finger at the "first
inserted position", the robot main body 11 can be main-
tained in the "allowed" state (i.e., enabled to move).
When the work is finished and the operator’s finger is
pulled out of the insertion hole 101, the finger position
becomes the "non-inserted position" and movements of
the robot main body 11 becomes "disallowed" again.
[0168] In contrast, when the finger ismoved to theback
side in an instant, while the robot main body 11 is being
operated with the finger remaining at the "first inserted
position", and the finger position becomes the "second
inserted position", that is, if the light reception states of
the light sensors 111a and 111b are both at the HIGH
signal level, the operations of the robot main body 11 are
"disallowed". In this case, a switchover from "disallow-
ance" to "allowance" is restricted temporarily. Specifi-
cally, when moving the finger from the "second inserted
position" to the "non-inserted position", the finger will
pass through the "first inserted position", but if the "first
inserted position" is reached on the return travel from the
"second inserted position", the state will remain "disal-
lowance" due to the temporarily restriction to the switch-
over. The restriction will be lifted when the finger reaches
the "non-inserted position".
[0169] According to the fifth embodiment detailed
above, the following highly effective effects can be ex-
pected.
[0170] By inserting a operator’s finger into the insertion
hole 101 and holding the finger at the first inserted posi-
tion, the robot main body 11 is allowed to move. With this
kind of structure, it is not necessary to continuously apply
force against the spring force, etc., as with conventional
enable switches, or to maintain a certain shape for the
finger. In other words, it is possible to reduce the burden
on the operator’s fingers when maintaining the state in
which the operation is allowed. This is desirable in terms
of reducing operator fatigue and improving work effi-
ciency. In addition, it is assumed that the operator will
performa reflexaction of releasing theoperator’s handor
clenching further tightly if they encounter an unexpected
dangerous situation.
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[0171] According to the enable switch 49H shown in
the present embodiment, these reflex actions cause the
position of the finger to shift towards the entrance 101a of
the insertion hole 101 or towards the back. When this
occurs, the inserted position of the finger deviates from
the first inserted position, thusmaking it disable the robot
main body 11 to operate. For such reasons, the present
embodiment contributes to improved safety and reduced
burdenon theoperatorwhenusing theoperation terminal
15H.
[0172] As shown in the present embodiment, the in-
sertionhole 101 is arranged in apositionwherea finger of
the operator’s hand gripping the gripper 43H can be
inserted. This allows the operator to maintain the robot
main body 11 in a state where operation is allowed, by
using the fingers of the hand holding the operation term-
inal 15H. This is desirable for improving the convenience
of the operator.
[0173] As explained in the present embodiment, the
insertionhole101 is formed inastraight structure.Hence,
when the operator tries to quickly pull out his or her finger,
the finger canbeeasily avoided fromgetting caught in the
insertion hole 101. This is desirable for quickly switching
from thedrive-allowed state to thedrive-disallowed state.
[0174] Then the structure uses the light sensors 111a
and 111b to detect operator’s finger positions, as ex-
plained in the present embodiment, then the contact
structure (fixed contact, movable contact) becomes un-
necessary. Thus, when the operation terminal 15H is
used repeatedly, thepossibility of failures ormalfunctions
of the enable switch 49H due to wear can be reduced.
Also, because it does not have a contact structure, there
is no need to rely on the operator to maintain the contact
between the contacts. This is also desirable in reducing
the burden on the operator when maintaining the state
that allows the robot main body 11 to operate.

<Sixth embodiment>

[0175] A sixth embodiment will now be described.
[0176] Regarding the operation terminal 15H shown in
the fifth embodiment, the insertion hole 101 is provided
into which the finger gripping the gripper 43H can be
inserted, and the robot main body 11 is configured to
switch between the "allowance" and "disallowance"
states depending on the positions of the inserted finger
in the insertion hole 101. In this case, the hand gripping
the gripper 43H may be more suddenly clenched in an
emergency. In the present embodiment, the configura-
tion related to the enable switch 49H has been partially
changed to take such hand movements into account.
[0177] Referring to Figs. 28A to 28D below, the follow-
ing describes the differences between the enable switch
49K of the present embodiment and the enable switch
49Hshown in thefifthembodiment. Thedescriptionof the
same components as those of the fifth embodiment is
omitted as appropriate.
[0178] As shown in Figs. 28A to 28D, an operation

terminal 15K shown in the present embodiment has an
enable switch 49K equipped with light sensors 111 (111A
and 111B) on the rear surface section 42B of a housing
42K (a protrusion part 51K), in the same way as the fifth
embodiment. A reflector 117K that reflects light emitted
from the light sensors 111A and 111B is attached to the
flat portion 55K of the protrusion part 51K, but this re-
flector 117K is movable. Specifically, the reflector 117K
has a long plate shape that extends in the direction of
insertion of an operator’s finger into the insertion hole
101K. An axis pin 124 extending in a direction that inter-
sects the direction of insertion of the finger is inserted in
the part of reflector 117K that is deeper than the first light
sensor 111A. The axis pin 124 is fixed to the protrusion
part 51K, and the reflector 117K is axially supported by
this axis pin 124 such that the reflector 117K can be
rotated.
[0179] A concave part 121 is formed in the flat portion
55K to secure the operating area of the reflector 117K. A
forcing member (ex. a spring member) 122 is arranged
between the concave part 121 and the reflector 117K to
apply a force to lift the end of the reflector 117K, which is
sided to theentrance101a, toward the insertion space IS.
In addition, a stopper portion 123 is formed on the flat
portion55K,whichprevents further rotationbycontacting
the back end of the reflector 117K from the side opposite
the insertion space IS. This stopper portion 123 is formed
on the reflector 117K. The endof the reflector 117K,whch
is sided to the entrance 101a, is pushed by the forcing
member 122. However, the end of the back side of
reflector 117K hits the stopper portion 123. This main-
tains a posture parallel to the insertion space IS (here-
inafter referred to as the initial posture). In the initial
posture, the reflector 117K and flat portion 55K are lo-
cated on the same plane.
[0180] As shown in Fig. 28B, when the finger F2 is
inserted and located at the first inserted position, the light
reception state of the first light sensor 111a becomes a
LOWsignal level. Evenwhen thefingerF2 is insertedand
locatedat thefirst insertedpositionandwhen the reflector
117K is not pressed by the finger F2, the reflector 117K is
maintained in the initial posture. Therefore, the light
reception state of the second light sensor 111b exhibits
a HIGH signal level. As shown in Fig. 28C, when the
finger F2 is inserted and located at the second inserted
position, the fingertip is positioned behind the axial line
CL3. Therefore, even if the fingertip pushes the reflector
117K, the stopper portion 123prevents the reflector 117K
from rotating. In other words, when the inserted finger F2
is located at the second inserted position, the light recep-
tion stateof both thefirst light sensor 111aand thesecond
light sensor 111bwill be at LOWsignal levels, in the same
way as that in the fifth embodiment described above.
[0181] Here, an example can be shown, in which how
the operator’s finger is moved as shown in Fig. 28B to
28D. For example, it is assumed that the finger F2 is
located at the first inserted position to allow the robot
main body 11 to move. In this situation, if the hand is
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clenched suddenly, the reflector 117K is pushed by the
finger F2 in the direction away from the insertion space
IS. In thisway, the reflector 117K rotates against the force
caused by the forcing member 122, and the posture
(inclination) of the reflector 117K changes. As a result,
the light path of the second light sensor 111b changes
greatly due to the change in the incident angle and
reflection angle of the reflector 117K, and the light recep-
tion state of the second light sensor 111b changes from a
HIGH signal level to a LOW signal level.
[0182] The CPU 62 of the operation terminal 15K de-
termines that the light reception states of both the first
light sensor 111A and the second light sensor 111B are
LOW signal levels. When this determination is made, the
robot main body 11 is set to "disallow" operations, in the
same way as that provided when the finger is inserted
and located at the second inserted position. In other
words, when the reflector 117K is pushed by a finger
when the operator tries to manually grasp the terminal
quickly, the "allowance" for movement of the robot main
body 11 will be canceled by that movement.

<Modification 1>

[0183] In the first light sensor 111a and second light
sensor 111b shown in the fifth and sixth embodiments
described already, the light emitted from the light emitters
112, 114 is irradiated in a direction that intersects with the
rear surface section 42bH of the housing 42H, but the
direction of light irradiation is not limited to such a direc-
tional structure. For example, it is also possible to con-
struct the system such that the light emitted from the first
light sensor 111a and second light sensor 111b is irra-
diated in a direction parallel to the rear surface section
42bH (see, for example, Figs. 29A to 29D).

<Modification 2>

[0184] In the sixth embodiment described, the second
light sensor 111b is used to detect the position of the
finger inserted into the insertion hole 101, and the con-
figuration is such that it is possible to detect a clenched
action of the operator’s hand, as a behavior of the op-
erator. In other words, the posture of the reflector 117K
changes when the hand is clenched, and the light recep-
tion state of the second light sensor 111b changes ac-
cording to the posture changes. In order to obtain a
configuration that can detect the behavior when the hand
is suddenly clenched (gripped), it is not denied that a
sensor other than the foregoing second light sensor 111b
is used.
[0185] For example, the clenching action of the hand
can be detected by the first light sensor 111a. The follow-
ing explains the specific configuration with reference to
Figs. 29A tp 29D. In the enable switch 49L shown in Figs.
29A to 29D, the light sensors 111a and 111b and the
reflector 117Lare arranged in positions that sandwich the
insertion space IS vertically. In other words, the light path

of the light emitted from the light emitters 112 and 114 is
arranged such that it intersects the insertion space IS. A
concave part 121L is formed in the part covered by the
housing 102L at the flat portion 55. The concave part
121L extends from the insertion hole 101L, straddling the
entrance 101A of the insertion hole 101L, and amovable
plate 125L is arranged to block the opening of this con-
cave part 121L.
[0186] The movable plate 125L is capable of being
displaced towards the bottom and also, towards the
insertion space ISwithin the concavepart 121L. A forcing
member 122L is arranged in the concave part 121L suc
that forcing member 122L is sandwiched between the
bottomsurfaceof theconcavepart 121Land themovable
plate 125L, and themovable plate 125L is kept in standby
near the opening of the concave part 121L by the force of
the forcing member.
[0187] When the operator tries to grip his or her hand
while the finger is inserted and located at the first inserted
position, the movable plate 125L is pushed by the finger
F2. In response to this push, the movable plate 125L
moves away from the insertion space ISagainst the force
of the forcing member 122L (see Figs. 29B and 29D).
When the finger F2moves away from the insertion space
IS together with the movable plate 125L, the finger F2
moves out of the light path of the first light sensor 111a,
and the light reception state of the first light sensor 111a
(i.e., the light receiver 113) changes from its LOW signal
level to its HIGH signal level. In other words, the light
reception state of each light receiver 113, 115 will be
HIGH signal level, and the robot main body 11 will be set
to be "disallowed". With this configuration, the first light
sensor 111a will also have the function of detecting the
behaviors of the operatorwhen the operator clenches the
hand suddenly and tightly.
[0188] In addition to the first light sensor 111a and
second light sensor 111b, it is also possible to add a
sensor to detect the behaviors of the operator when
the operator clenches the operator’s hand suddenly.
Such an additional sensor is, for example, a sensor for
detecting changes in the posture of reflector 117K. For
example, it would be good to place a contact sensor so
that it makes contact when the posture of reflector 117K
changes, such as in the concave part 121.

<Modification 3>

[0189] In the foregoing embodiments 5 and 6, the
sensor unit 111 is arranged to be more closely to the
housing 102, and the reflector 117 is arranged to bemore
closely to the housing 42H (that is, to the protrusion part
51H), but this is not limited to suchanarrangementmode.
As in the enable switch 49P shown in Fig. 30A, the
reflector 117 may be arranged to be more closely to
the housing 102P, and the sensor unit 111 may be ar-
ranged to be more closly to the housing 42P (i.e., to the
protrusionpart 51P). In suchamodifiedarrangement, it is
a good idea to provide a transparent section 128P (e.g. a
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transparent plate) that transmits light in thepartwhere the
wall of the insertion space IS is formed by the flat portion
55P of the protrusion part 51P, i.e. the part sandwiched
between the reflector 117 and the sensor unit 111.

<Modification 4>

[0190] In the foregoingfifthandsixthembodiments, the
configuration using the reflective sensor unit 111 is illu-
strated, but, instead, a transmissive sensor unit 111 may
also be used. For example, as shown in Fig. 30B, an
enable switch 49Q may have light emitters 112 and 114
on a housing 102Q and light receivers 113 and 115
positioned more closely to the housing 42Q.

<Modification 5>

[0191] In the foregoingfifthandsixthembodiments, the
enable switch 49H (i.e., the insertion hole 101) is placed
at a position where the finger of the operator’s hand
gripping gripper 43H can be inserted. The following
should be noted for the configuration that switches the
operations of the robot main body 11 between the "al-
lowance" and "disallowance" depending on the insertion
positions of the finger into insertion hole 101. Practically,
it may be difficult to hold the finger at the first inserted
position while holding the operation terminal 15Hwithout
difficulty, depending on the sizes of the hand (i.e., lengths
of the finger). Therefore, as shown in Fig. 30C, it is more
suitable to have a configuration in which the housing
102R (including the sensor unit 111) of the enable switch
49R can slide. Specifically, the housing 102R is config-
ured to be slidable in the width direction of the operation
terminal 15R, i.e., toward and away from the side surface
section 42cR of the housing 42R. Within this slide mo-
vable range, a configuration (e.g., an adjustment me-
chanism) that allows the operator to adjust the positions
of the enable switch 49R as desired may be applied.

<Modification 6>

[0192] The enable switch 49H shown in the fifth and
sixth embodiments is formed with the insertion hole 101
such that the direction of finger insertion is in the width
direction of the operation terminal 15H, but this is not
limited to such a mode. For example, the insertion hole
maybe formedsuch that the finger insertion direction is in
the height direction of the operation terminal. Alterna-
tively, the insertion holemay also be formed such that the
finger insertiondirection is in the thicknessdirectionof the
operation terminal.
[0193] The configuration in which the insertion direc-
tion is formed in the direction of the thickness of the
operation terminal is illustrated in Figs. 31A and 31B,
by way of example. Specifically, an insertion hole 101S is
formed in the protrusion part 51S on the back of an
operation terminal 15S (a housing 42S). This makes it
easy to secure a space for finger insertion. In particular,

the protrusion part 51S functions as a gripper 43S to be
gripped by the operator. Therefore, forming the insertion
hole101S in theprotrusionpart 51S facilitates insertionof
a finger (e.g., finger F2) of the hand H that is gripping
gripper 43S. In the example of Figs. 31A and 31B, the
entrance 101aS of the insertion hole 101S faces back-
ward.
[0194] The sensor unit 111 (composed of a first light
sensor 111a and a second light sensor 111b) and the
reflector117Sare locatedacross the insertionspace ISof
the insertion hole 101S in the width direction. In more
detail, the reflector 117S is located on the side surface
section 42cS of the housing 42S, and the sensor unit 111
is located in the center of the housing 42S. The reflector
117S is movable in the same manner as the reflector
117K adopted by the sixth embodiment, and is pivotably
supported on a shaft at the rear side of the insertion hole
101S.When the operator quickly clenches the operator’s
hand Hwith the finger F2 at the first inserted position, the
finger F2 pushes the reflector 117S. In response to this
push, the reflector 117S rotates about the shaft support
point and the posture (i.e., tilt) of the reflector 117S
changes. The sensor unit 111 is arranged such that the
first light sensor 111a is located to face the entrance 101a
and the second light sensor 111b is located to face the
back side. Therefore, a change in the postures of the
reflector 117S changes the light path of the second light
sensor 111b. As a result, the light reception state of the
second light receiver 115 changes from its HIGH signal
level to LOW signal level, resulting in that the operations
of the robot main body 111 changes from its "allowance"
to "disallowance", that is, its enable state to its disable
state.

<Modification 7>

[0195] In the foregoing fifth and sixth embodiments,
optical sensors are used as the "detection unit", but
various types of other sensors such as pressure-sensi-
tive sensors, capacitance sensors, acoustic sensors can
also be used.

<Modification 8>

[0196] In the sixth embodiment, the first inserted posi-
tion and the second inserted position are defined as the
inserted positional ranges of the finger in the insertion
hole 101K. Instead, it is possible to provide an alternative
in which the robot main body 11 is allowed to operate
simply when a finger is inserted into the insertion hole
101K, while the allowance is cancelled when the finger is
removed from the insertion hole 101K or when the re-
flector 117K is pushed in.

<Modification 9>

[0197] In the sixth embodiment, the reflector 117K is
placed on the same plane as the flat portion 55K. Alter-

5

10

15

20

25

30

35

40

45

50

55



23

43 EP 4 530 031 A1 44

natively, in view of reducing possibility of the reflector
117K being accidentally pressed, the position of the
reflector 117K may be offset to be more closely to the
bottom of the concave part 121. In particular, when the
enable switch is located on the side of the back of the
operation terminal, the reflector is more likely to be
pushed by the weight of the operation terminal on the
inserted finger. In other words, in the configuration where
the enable switch is locatedmore closely to rear side, the
opportunities for erroneous operations can be reduced
by adopting the configuration shown in this modification.

<Modification 10>

[0198] In the foregoing sixth embodiment, the light
reception state of the light receiver 115 changes from a
HIGH signal level to a LOW signal level when pressing
the reflector 117K, thus causing the posture of the re-
flector 117K to change and the incident angle and reflec-
tion angle of the light emitted from the light emitter 114 to
change, but this is just an example.
[0199] Alternatively, as shown in the foregoing fourth
modification, when using a transmission-type optical
sensor, a movable member that partially transmits
(passes through) light can be provided in place of the
reflector 117, and when this movable member is pushed
and the posture changes, the transmission (passage)
part can be removed from the light path so that light does
not reach the light receiver.

<Modification 11>

[0200] In the above fifth and sixth embodiments, the
number of fingers that can be inserted into the insertion
hole 101 is set to one, but this is just an example.
[0201] Alternatively, it is also possible to insert multiple
fingers into the insertion hole. In such a configuration, the
robotmainbody11canbeallowed tomovewhenall of the
multiple fingers inserted into the insertion hole are lo-
cated at the first inserted position.
In this case, if at least one of the fingers inserted into the
insertion hole is located at the second inserted position,
the robot main body 11 is disallowed to move.
[0202] If it is possible to insert multiple fingers, the
number of sensors can be reduced by aligning the direc-
tionof light from theoptical sensorwith thedirectionof the
group of fingers being inserted.

<Other embodiments>

[0203] The embodiments described above are not lim-
ited to the content described above, and may be imple-
mented as follows. Incidentally, each of the following
components may be applied to each of the above embo-
diments individually, or a combination of some or all of
themmay be applied to each of the above embodiments.

(1) In the above embodiments, the gripper 43, which

is gripped by the operator, is provided at the left and
right ends of the operation terminal 15, but the posi-
tion of the gripper 43 is not limited to this configura-
tion. It may be located at the top or bottom of the
operation terminal 15, or it may be located in a
corner. In any case, it is preferable that the enable
switch 49 be located in a position that can be oper-
ated by the hand that is gripping the gripper 43.
(2) Regarding the operation terminal 15 shown in
each embodiment above, it is also possible to make
the display 41 and housing 42 detachable. In other
words, the operation terminal 15 may be composed
of the display 41 and a display holder that holds the
display 41 in a detachable manner.
(3) In the foregoing embodiments, the portable op-
eration terminal 15 are explained, but it is also pos-
sible to apply the enable switch 49 mounted on the
operation terminal 15 to a stationary operation term-
inal.

<Regarding the group of inventions extracted from the
foregoing embodiments>

[0204] The features of the group of inventions ex-
tracted from the forgoing embodiment are explained
below, as necessary, while also showing their effects,
etc. For ease of understanding, the corresponding com-
ponents in the foregoing embodiments are indicated in
parentheses, etc., as appropriate, below, but this is not
limited to the specific components indicated in parenth-
eses, etc.

<Feature A Group> (Pressure detection type)

[0205] The following is an explanation of the technical
ideas that make up Feature A group, which are mainly
extracted from the first embodiment, the second embodi-
ment, and their modifications.
[0206] The background technology of the following
feature A group is as follows.
[0207] "Some operation terminals such as teaching
pendants used for operating industrial robots are
equippedwith enable switches for the purpose of improv-
ing safety during manual operation. The enable switch is
a safety switch that enables or disablesmanual operation
of the robot main body, and in recent years, this type of
switch enables manual operation of the robot main body
when theoperation device is pushed in slightly (i.e.,when
it is pushed to the intermediate position). On the other
hand, there have been proposals for a switch that dis-
ablesmanual operationwhen it is pusheddeeply (see, for
example, Patent Document 1)."
[0208] The issueswith this background technology are
as follows.
[0209] "In order to maintain the state where manual
operation is enabled, it is necessary to hold the operation
device in the intermediate position, and it is necessary to
continuously apply a certain amount of force so that the
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strength of the fingers operating the operation device
does not become too weak or too strong. In practice,
even if anoperator areconsciousof the force theoperator
are applying, there will be some fluctuation in the force
applied. Therefore, some operators may operate by fo-
cusing on the shape of their hands (fingers) and main-
taining their hands in a prescribed shape. However,
continuously applying force for long periods of time or
maintaining the same hand shape can be a significant
burden for the operator. And, as various operators use
the operation terminal, it is assumed that the above
burden will become more pronounced if the operation
is performed in a way that matches the specifications
(required force) of the enable switch." The feature A
groupmade in light of the above background and issues.

Feature A1.

[0210] A feature A1 relates to an operation terminal for
a robot (operation terminal 15) used to operate an in-
dustrial robot (robot main body 11), including:

a safety switch (enable switch 49) having a safety
operation member (operation device 57) that is
pressed by an operator and a detection unit (force
sensor 59) that detects the pressing force applied to
the safety operation member, wherein
the operation terminal allows the operation of the
industrial robot when the pressing force detected by
the detection unit is within a specified range, and
disallows the operation of the industrial robot when
the pressing force detected by the detection unit is
smaller than or larger than the specified range.

[0211] According to the configuration shown in this
feature, when the pressing force detected by the detec-
tion unit is within a specified range, the industrial robot’s
operations (motions, movements) are allowed. In con-
trast, when the detected pressing force is smaller or
larger than the specified range, the industrial robot’s
operations will be disallowed.With this kind of configura-
tion, for example, when the operator suddenly clenches
the operator’s hand while manually operating the robot
main body and the safety operation member is pressed
strongly, the robot main body’s operations will be disal-
lowed. This is desirable for improving the safety of in-
dustrial robots.
[0212] In thecaseofaconventional safety switchwitha
contact structure (fixed contact and movable contact), a
force is required to maintain contact between the con-
tacts, and the force required to stabilize the contact state
can be large. In this respect, as shown in this feature, a
structure that detects pressing force makes the contact
structureunnecessary, and the force required tomaintain
contact between the contacts is also unnecessary.
Therefore, it is possible to allow a smaller pressing force
than that of the conventional in order to allow the robot
main body tomove, and thepressing force requiredof the

operator (the lower limit of the above-mentioned speci-
fied range) can be reduced. This is also desirable in
reducing the burden on the operator when maintaining
the state that allows the industrial robot to move.

Feature A2:

[0213] A feature A2 relates to an operation terminal for
a robot as described in feature A1, wherein the operation
terminal is equipped with a change unit (e.g., a function
that executes a setting process change in the CPU 62)
that changes the specified range described above based
on the operator’s change operation.
[0214] In order to maintain the state in which the in-
dustrial robot is allowed tooperate, it is necessary to keep
the pressing force applied to the safety operation mem-
ber within a specified range, and the size of the pressing
force that is easy tomaintain at a constant levelmay differ
for each operator. In other words, if the gap between the
set specified range and the pressure that the operator
can maintain at a constant level becomes larger, the
burden on the operator may increase. In this respect,
as shown in this feature, making it possible for the op-
erator to change the specified range mentioned above,
which is the basis for allow, is effective in reducing the
burden on the operator.

Feature A3:

[0215] A feature 3 relates to an operation terminal
described in Feature A2, in which the change unit
changes the lower limit (lower threshold) and upper limit
(upper threshold) of thespecified range,at least the lower
limit can be changed.
[0216] In order to reduce the burden on the operator’s
fingers, it is preferable to set the lower limit of the spe-
cified range to a low value. On the other hand, in the
followingcase, itmaybepreferable toset the lower limit of
the specified range to a slightly higher value. Namely,
when an operator wants to disallow the operation of an
industrial robot while holding an operation terminal for a
robot, it is undesirable for the industrial robot to operate
as a result of unintentionally touching the safety opera-
tion member. Paying attention to prevent such events
from occurring can be a burden for the operator. There-
fore, in order to reduce the possibility of such unintended
operation, it is effective to set the lower limit of the
specified range slightly higher. For these reasons, there
is a technical significance in making the lower limit of the
specified range the target for modification.

Feature A4:

[0217] A feature A4 relates to an operation terminal as
described in feature A3, in which the lower limit of the
specified range is changeable by the change unit within a
restricted range.
[0218] When the lower limit of the specified range is set
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too low, it could cause the safety switch tomalfunction. In
addition, if the lower limit is set too high bymistake, there
is a concern that the effect of reducing the burden on the
operator will not be achieved. For this reason, when
implementing the technical concept shown in feature
A3, it is preferable to restrict the range in which the lower
limit can be changed, as shown in this feature.

Feature A5:

[0219] A feature S5 relates to the operation terminal
according to feature A2, wherein the change unit is cap-
able of changing at least the upper limit of the lower limit
(lower side threshold) and the upper limit (upper side
threshold) of the specified range.
[0220] As shown in feature A1, it is desirable to have a
configuration that disallows the robot main body opera-
tion (i.e., the "allowance" is canceled) when the safety
operation member is pushed strongly at a moment’s
notice, in order to improve safety. Although it is desirable
to lower the upper limit of the specified range to some
extent in order to improve safety, there is a concern that if
the upper limit is lowered, the robot will be disallowed
even if the force isa little stronger,whichwill easily reduce
the work efficiency. This would not be effective in redu-
cing the burden on the operator. For these reasons, it is
technically significant to make the upper limit of the
specified range subject to its changes.

Feature A6:

[0221] A feature S6 relates to the operation terminal
according to feature A5, wherein the upper limit of the
specified range is restricted to be changeable by the
change unit.
[0222] If the upper limit of the specified range is set
excessively low, it will increase the possibility of uninten-
tional disallowance. If the upper limit is set excessively
high, it is concerned that the effect of improving safetywill
not be well demonstrated. For these reasons, when em-
bodying the technical idea shown in feature A5, it is
preferable to restrict the range in which the upper limit
can be changed as shown in this feature.

Feature A7:

[0223] A feature A7 relates to the operation terminal
according to any one of features A2 to A6, wherein the
change unit is capable of individually changing the lower
limit (lower threshold) and the upper limit (upper thresh-
old) of the specified range.
[0224] As in this feature, it is a practically disable con-
figuration which allows the upper and lower limits of the
specified range to be changed mutually independently.

Feature A8:

[0225] A feature A8 related to the operation terminal

according to any one of features A2 to A7, the terminal
includes:

a memory unit (library of RAM 64) for storing the
specified range changed based on the changing
operation in association with an operator, and
a specifying unit for identifying an operator who uses
the operation terminal for a robot (a function for
executing the processing of step S302 in the auto-
matic changing process in CPU62),
wherein the change unit has a function to change the
specified range to correspond to the operator identi-
fied by the identifying unit.

[0226] The need to change the specified range each
time the operation terminal is used is undesirable for
improving work efficiency. Therefore, as shown in this
feature, the past change results can be reflected, thereby
reducing the operator’s effort and contributing to the
improvement of work efficiency. This is desirable in re-
ducing the burden on operators and improving work
efficiency.

Feature A9:

[0227] A feature A9 relates to the operation terminal
according to feature A8, wherein, when the operator
identified by the specifying unit is an operator who uses
the operation terminal for a robot for the first time, an
instructing unit instructs of the operator a change of he
specified range (a function to perform step S305 in the
automatic changing process, which is executed by the
CPU 62).
[0228] As shown in this feature, the change function
can be suppressed from not being well utilized by con-
figuring the specified range to instruct the change at the
time of initial use.

Feature A10:

[0229] A feature A10 relates to the operation terminal
according to any one of features A2 to A9, wherein the
change unit has the function of changing the specified
range according to the current pressure value detected
by the detection unit when the predetermined change
condition is satisfied under the condition that the safety
operation member is being operated by the operator.
[0230] According to this feature, the specified range is
determined based on the actual operational feel, thus
reducing the possibility of redoing range setting, etc.

Feature A11:

[0231] A feature A11 relates to the operation terminal
according any one of features A2 to A10, wherein the
change unit has a function to calculate the lower (lower
threshold) and upper (upper threshold) limits of the spe-
cified range from the current pressing force value de-
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tected by the detection unit when the specified change
condition is satisfied.
[0232] By configuring the threshold value to be calcu-
lated based on the actual calculated pressing force, it is
possible to appropriately suppress the divergence of the
result of changing the specified range from an operator’s
preference.

Feature A12:

[0233] A feature A12 relates to the operaton terminal
according to feature A10 or A11, wherein one of the
requirements for the predetermined change condition
to be satisfied is that the current value of the pressing
force detected by the detection unit is greater than a
predetermined value.
[0234] When the setting change of the specified range
is performed with excessively small pressure, the follow-
ing inconveniences are likely to occur. In other words,
even though the operator is not pressing the actuator, it
may be erroneously judged to be within the specified
range, and the robot main body may be erroneously
allowed to operate. Hence, as shown in this feature, by
setting a lower limit of the pressing forcewhen setting the
specified range, the above inconvenience can be pre-
vented from occurring.

Feature A13:

[0235] A feature A13 relates to the operation terminal
according to any one of Features A2 to A12, wherein

the detection unit includes a first detection unit and a
second detection unit, wherein
when each of pressure forces detected by the first
detection unit and the second detection unit is within
the specified range, the operation of the industrial
robot is allowed, and
when at least one of the pressure forces detected by
the first detection unit and the second detection unit
is outside the specified range, the operation of the
industrial robot is disallowed.

[0236] When the first and second detection units are
used together as shown in this feature, the possibility of
erroneously allowing a detection unit to be erroneously
allowed due to a failure of the detection unit or noise can
be reduced.

Feature A14:

[0237] A feature A14 relates to the operation terminal
according to any one of Features A2 to A9, wherein

the detection unit includes a first detection unit and a
second detection unit,
the specified range includes a first specified range
corresponding to the pressing force detected by the

first detection unit and a second specified range
corresponding to the pressing force detected by
the second detection unit,
the industrial robot is allowed to operate when the
pressure force detected by the first detection unit is
within the first specified rangeand thepressure force
detected by the second detection unit is within the
second specified range,
the industrial robot is disallowed from operating
when the pressure force detected by the first detec-
tion unit is outside the first specified range or the
pressure force detected by the second detection unit
is outside the second specified range, and
the change unit is adapted to change the first spe-
cified range based on the current pressure value
detected by the first detection unit and change the
second specified range based on the value of the
current pressing forcedetectedby the seconddetec-
tion unit, when the predetermined change condition
is satisfied under the condition that the safety opera-
tion member is pressed and operated by the opera-
tor.

[0238] If the first and second detection units are used
together as shown in this feature, it is possible to reduce
the possibility of erroneously allowing a detection unit
due to its failure, noise, etc.
[0239] However, when the same specified range is
used as the reference, the actual specified range may
become narrower than the setting due to individual dif-
ferences or degradation of the detection unit. If the spe-
cified range becomes substantially narrower, it may be a
factor that makes it difficult to maintain the state in which
the robot main body is allowed to operate. Therefore, as
shown in this feature, the first specified range for the first
detection unit and the second specified range for the
second detection unit are used together. The above
concerns can be eliminated by configuring the feature
so that the first and second specified ranges can be
changed by the operator’s change operation.

Feature A15:

[0240] A feature A15 relates to the operation terminal
according to any one of features A2 to A14, including a
restriction unit adapted to restrict the change of the
specified range changed by the change unit, when the
operation of the industrial robot is in allowance.
[0241] If the specified range is suddenly changedwhile
the operator is trying to keep the pressure within the
specified range, an actual pressure may deviate from
the specified range provided after the change and the
industrial robot may stop. This is not only a cause of
confusion for the operator, but also undesirable in terms
of improving safety. Therefore, as shown in this feature, it
is technically significant to restrict the change of the
specified range during the operation of the industrial
robot and avoid the change of the specified range by
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mishandling or malfunctioning.
[0242] The configuration shown in this feature may
also be used as "an operation terminal for a robot
equipped with a restriction unit that restricts the change
of the specified range conducted by the change unit, at
least during the operation of the industrial robot.

Feature A16:

[0243] A feature A16 relates to the operation terminal
according to any one of features A2 to A15, there is
provided a variable resistance unit that varies the mag-
nitude of resistance that occurs, based on the operator’s
change operation, when the safety operation member is
pressed and operated.
[0244] As shown in this feature, if the resistance is
configured to be variable according to an operator’s
preference, it is possible to realize a configuration in
which the push-in position is variable when operated
so that the push-in force is within the specified range.
For example, it is possible to adjust the pushing force to
be within the specified range by pushing in a little, or to
adjust the pushing force to be within the specified range
by pushing in some depth.

Feature A17:

[0245] A feature A17 relates to the operation terminal
according to any one of features A1 to A16, including a
stroke amount change unit adapted to change a stroke
amount of the safety operation member such that the
pressing force detected by the detection unit is changed
in the specified range when the operator presses and
operates the safety operation member.
[0246] As shown in this feature, if the stroke amount
can be changed according to an operator’s preference, it
can contribute to reducing the operator’s burden.

Feature 18:

[0247] A feature 18 relates to an operation terminal for
a robot (operation terminal 15) used for operating an
industrial robot (robot main body 11), including a safety
switch (enable switch 49) comprising a safety operation
member (operation device 57) operated by an operator
and a detection unit (force sensor 59) that detects a
pressing force applied to said safety operation member.
wherein,

when the forcedetectedby thedetectionunit iswithin
a specified range (reference range), the operation of
the industrial robot is allowed, and when the force
detected by the detection unit is less than the spe-
cified range or greater than the specified range, the
operation of the industrial robot is disallowed, and
the operation terminal is provided with a resistance
variable unit to vary the magnitude of the resistance
generatedbasedonanoperator’schangeoperation,

when the operator presses and operates the safety
operation member.

[0248] As shown in this feature, when the resistance is
configured to be variable according to the operator’s
preference, it is possible to realize a configuration in
which the push-in position is variable when operated
so that the push-in force is within the specified range.
For example, it is possible to adjust the pushing force to
be within the specified range by pushing in a little, or to
adjust the pushing force to be within the specified range
by pushing in some depth.

Feature 19:

[0249] A feature 19 relates to an operation terminal for
a robot (operation terminal 15), which is used to operate
an industrial robot (robot main body 11), the operation
terminal includes:

a safety switch (enable switch 49) provided with a
safety operation member (operation device 57) op-
erated by an operator, and a detection unit (force
sensor 59) that detects the pressure applied to the
safety operation member,
wherein
when the pressure force detected by the detection
unit is within the specified range (reference range),
the industrial robot is allowed to operate, and when
the pressure force detected by the detection unit is
less than the specified range or greater than the
specified range, the industrial robot is disabled from
operating, and
the operation terminal includes a stroke amount
change unit adapted to change a stroke amount of
the safety operation member such that the pressing
force detected by the detection unit is changed in the
specified range when the operator presses and op-
erates the safety operation member.

[0250] As shown in this feature, when the stroke
amount can be changed according to an operator’s pre-
ference, it will contribute to reducing the burden on the
operator.

Feature 20:

[0251] A feature 20 relates to s safely switch applied to
an operation terminal for a robot (operation terminal 15),
which is used to operate an industrial robot (robot main
body 11), the safety switch includes:

a safety operation member (operation device 57),
which is operated by an operator by applying pres-
sure thereto, and
a detection unit (force sensor 59) that detects a
pressing force applied to the safety operation mem-
ber,
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wherein
when the pressure force detected by the detection
unit is within the specified range (reference range),
the industrial robot is allowed to operate, and when
the pressure force detected by the detection unit is
less than the specified range or greater than the
specified range, the industrial robot is disallowed
from operating.

[0252] According to the configuration shown in this
feature, the operation of the industrial robot is allowed
when the pressure force detected by the detection unit is
within the specified range. If the detected pressure is less
than the specified range or greater than the specified
range, the operation of the industrial robot is disallowed.
With this configuration, for example, if the safety opera-
tion member is strongly pressed down by a sudden
clenching action of the operator’s hand during manual
operation of the robot main body, the operation of the
robot main body will be disallowed. This is desirable to
improve the safety of the industrial robot.
[0253] When a conventional safety switch has a con-
tact structure (fixed and movable contacts), the force
required to maintain contact between contacts is neces-
sary, and the force required to stabilize the state of
contact can be large. On this point, according to the
configuration that detects the pressing force as shown
in this feature, the contact point structure as described
above is not necessary, and the force tomaintain contact
between contacts is also not necessary. Therefore, a
smaller pressure force than before can be tolerated to
allow the robot main body to operate, and the pressure
required of the operator (the lower limit of the above
specified range) can be reduced. This is also desirable
to reduce the burden on the operator when maintaining
the state of allowing the industrial robot to move.

Feature 21:

[0254] A feature 21 relates to s safely switch applied to
an operation terminal for a robot (operation terminal 15),
which is used to operate an industrial robot (robot main
body 11), the safety switch includes:

a safety operation member (operation device 57),
which is operated by an operator by applying pres-
sure thereto,
a detection unit (force sensor 59) that detects a
pressing force applied to the safety operation mem-
ber, and
achangeunit thatallowsordisallows theoperationof
the industrial robot depending on magnitudes of the
pressure force detected by the detection unit, and
also changes values (composing a reference range)
of a pressing force serving as a reference for allow-
ance of the operation of the industrial robot in re-
sponse to an operator’s change operation.

[0255] In order to maintain the industrial robot in an
allowed state thereof, the pressure applied to the safety
operationmembermust be kept within a specified range.
Thus, the amount of pressure that can be easily main-
tained constant may vary from operator to operator. In
other words, if the gap between the specified range and
the pressing force that the operator can easily maintain
constant, theburdenon theoperatormay increase. In this
regard, as shown in this feature, it is effective in reducing
the burden on the operator to configure the above spe-
cified range, which is the standard for allowing, to be
changeable by the operator.

<Feature B group: rotary type of control dial>

[0256] The following is an explanation of feature B,
which is a technical concept extracted mainly from the
third and fourth embedment’s and their modifications.
[0257] A background art of the feature B group is as
follows:
"Some operation terminals, such as teaching pendants
used to operate industrial robots, are equipped with an
enable switch to improvesafety duringmanual operation.
This enable switch is a safety switch to enable or disable
manual operation of the robot main body. Recently, a
switch of this type has been proposed that enables
manual operation of the robot main body when the op-
eration device is pushed in a little (i.e., pushed to the
middle position), while disabling manual operation when
the device is pushed in a lot (see, for example, Patent
Document 1)."
[0258] A problem to be solved, which is derived from
the foregoing background art is as follows:
"It is necessary to hold the operation device in the inter-
mediate position to keep the manual operation enabled.
In addition, it is necessary to keep applying a constant
force so that the force of the finger operating the opera-
tion device does not become too weak or too strong. In
practice, even if the operator is aware of the force to be
applied, a certain degree of fluctuation occurs with re-
spect to the force. Thus, someoperatorsmayoperate the
machine in such a way that they are conscious of the
shape of their hands (fingers) andmaintain their hands in
a certain shape. However, it can be a great burden for the
operator to keep applying force andmaintaining the hand
in the same shape for a long period of time. This is a
concern that may reduce the efficiency of operations
using the operation terminal."

Feature B1:

[0259] A feature B1 relates to an operation terminal for
a robot (operation terminal 15) used to operate an in-
dustrial robot (robot main body 11), including:

a safety switch (enable switch 49B) has a rotary-type
safety control unit (control dial 81, etc.) and a detec-
tion unit (sensor unit 82) that detects when the rotary
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position of the safety operationmember has reached
a predetermined rotary position (the second position
PS2), which is an intermediate position at the rotary
range of the safety operation member,
wherein when the rotary position of the safety opera-
tion member is at the predetermined rotary position,
the operation of the industrial robot is allowed, and
when the rotary position of the safety operation
member is not at the predetermined rotary position,
the operation of the industrial robot is disallowed,
and
afinger rest (finger rest 92)onwhich theoperator can
place the fingers operating the safety operation
member during which the operator holds the safety
operationmember in a state where the safety opera-
tion member is rotated to and at the predetermined
rotary position.

[0260] In the operation terminal for a robot shown in
this feature, the finger operating the safety operation
member is placed on the finger rest provided around
the safety operation member. Thus, the finger can be
in contact with both the safety operationmember and the
finger rest. According to this configuration, the finger rest
serves as an aid in maintaining the position and shape of
the finger operating the safety operation member. This
reduces dependence on finger force in holding the safety
operation member in a given rotary position. For exam-
ple, the finger position in the axial line direction is pre-
vented from fluctuating by placing the fingertip or the like
against the finger rest (stopper function), and the finger
position in the orbital direction is prevented from fluctu-
ating by the friction created by placing the fingertip or the
like against the finger rest (resistance generating func-
tion). By reducing the burden on the operator (finger) in
this way, it becomes easier to maintain a state in which
the industrial robot is allowed to move.
[0261] The configuration shown in this feature can also
be developed as follows:
"an operation terminal for a robot (operation terminal 15)
used for operating an industrial robot (robot main body
11) is provided. The operation terminal is equippedwith a
safety switch (enable switch 49B). This safety switch has
a safety operation member (control dial 81, etc.) and a
detection unit (sensor unit 82). The safety operation
member is rotatable around an axial line (axial line
CL1) that extends in the direction that intersects the front
surface section of the operation terminal for a robot. The
detection unit is capable of detecting that the rotary
position of the safety operation member is a predeter-
mined rotary position (a second position PS2), which is
an intermediate position in the rotary range of the safety
operation member. The rotary position of the safety op-
erationmember is detectable.When the rotary position of
the safety operation member is in the predetermined
rotary position, the operation of the industrial robot is
allowed. If the rotary position of the safety operation
member is not in the predetermined rotary position, the

operation of the industrial robot is disallowed. A finger
rest (finger rest 92) is provided around the safety opera-
tion member. On this finger rest, the operator can place
the finger that is operating said safety operation member
when the operator holds said safety operationmember in
a rotated state to said predetermined rotary position."

Feature B2:

[0262] A feature B2 relates to the operation terminal
according to feature B1, wherein

the safety operation member has an annular shape
about a rotation center axial line (axial line CL1) of
the safety operation member and has an operation
surface part (side wall section 81a) parallel to the
rotation center axial line, and
the finger rest is flat and faces in a different direction
from the operation surface part.

[0263] According to the configuration shown in this
feature, it is possible, for example, to contact the finger
belly with the operation surface part and the fingertip with
the finger rest, or to contact the finger belly with the
operation surface part and the finger side with the finger
rest. In this way, if the parts in contact with the operation
surface part and finger rest can be grouped on the
fingertip side, the loadon the fingers canbemore suitably
reduced when maintaining the safety operation member
in the predetermined rotary position.

Feature B3:

[0264] A feature B3 relates to the operation terminal
according to feature B1 or B2, wherein
the finger rest is formed such that the finger operating the
safety operation member can slide on the finger rest
when the safety operation member is rotated from the
predetermined rotary position to another rotary position.
[0265] According to the configuration shown in this
feature, the fingers operating the safety operation mem-
ber slideon thefinger restwhen theoperator tries tomove
his/her hand (in the direction of rotation). The finger rest
can be prevented from interfering with the rotation of the
safety operation member. This is desirable to reduce the
time lag when the industrial robot is disallowed.

Feature B4:

[0266] A feature B4 relates to the operation terminal
according to featureB1orB2,wherein the finger rests are
flat and formed to surround the safety operation member
in the front view of the safety operation member.
[0267] According to the configuration shown in this
feature, the fingers operating the safety operation mem-
ber slideon thefinger restwhen theoperator tries tomove
his/her hand (in the direction of rotation). This prevents
the finger rest from interfering with the rotation of the
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safety operation member. This is desirable to reduce the
time lag when the industrial robot is disabled.

Feature B5:

[0268] A feature B4 relates to the operation terminal
according to any one of features B1 to B4, wherein

the first rotary position and the second rotary position
are provided as the predetermined rotary position,
the safety operation member is configured to be in a
waiting state at a rotary position between the first
rotary position and the second rotary position when
no rotation operation is performed by the operator,
to set the rotary position of the safety operation
member to the first rotary position by rotating the
safety operation member in the first direction under
the situationwhere the safety operationmember is in
the waiting state, and
to set the rotary position of the safety operation
member to the second rotary position by rotating
the safety operation member in the second direction
under the situation where the safety operationmem-
ber is in the waiting state.

[0269] The safety operation member shown in this
feature can be rotated in any of the first and second
directions to allow the industrial robot to operate. This
is desirable for improving operator convenience.

Feature B6:

[0270] A feature B6 relates to the operation terminal
according to feature B5, wherein
the rotary range of the safety operation member is re-
stricted such that when the safety operation member is
rotated in the first direction from the first rotary position,
the safety operation member does not reach the second
rotary position, andwhen the safety operationmember is
rotated in the second direction from the second rotary
position, the safety operationmember does not reach the
first rotary position.
[0271] The safety switch is designed to prevent the
industrial robot from moving in either the first or second
direction from a predetermined rotary position (a first
rotary position, a second rotary position) to improve
safety. The feature B5 has a configuration that allows
rotation in both the first and second directions. In this
configuration, when the robot is rotated in the first direc-
tion from the first rotary position, the second rotary posi-
tion is not reached, while when the robot is rotated in the
second direction from the second rotary position, the first
rotary position is not reached. In this way, the restriction
function works. In some cases, the operation of the
industrial robot may unintentionally change from the first
rotary position to the second rotary position or from the
second rotary position to the first rotary position. In this
case, it is possible to easily suppress the re-allowing of

the industrial robot operation.

Feature B7:

[0272] A feature B7 relates to the operation terminal
according to any one of features B1 to B6, wherein

the safety operation member and the finger rest are
provided to face a rear side of the operation terminal,
and
a loadingmember (hand strap 44) is provided to load
the operation terminal to an operator’s hand operat-
ing the safety operation member.

[0273] If the rotary-type safety control unit in the rear
surface section of the operation terminal is held between
the fingers, it is possible to support the operation terminal
for a robot with that hand. However, it becomes difficult to
stabilize the posture of the operation terminal by gripping
the operation terminal for a robot, for example. As a
result, it can be difficult to keep the safety operation
member in a given rotary position. Therefore, a loading
member is provided to load the operation terminal for a
robot onto the hand operating the safety operation mem-
ber. This makes it easier to hold the safety operation
member inagiven rotaryposition (e.g., byusingabandor
the like to hold it between the rear surface section of the
operation terminal for a robot).

Feature B8:

[0274] A feature B8 relates to the operation terminal
according to any one of features B1 to B6, wherein

the safety operation member is arranged so that a
portion of the safety operation member protrudes
from the side surface of the operation terminal for a
robot (side surface section 42cC), and
the finger rest is formed in the side surface section at
a position alongside the safety operation member
and the operation terminal in the thickness direction.

[0275] According to the configuration shown in this
feature, a finger can be placed over the safety operation
member and finger rest. This reduces the burden on the
fingers when holding the safety operation member in the
specified rotary position.

Feature B9:

[0276] A feature B9 relates to an operation terminal for
a robot (operation terminal 15) used to operate an in-
dustrial robot (robot main body 11), including

a safety switch (enable switch 49C) equipped with a
rotary-typesafety control unit (control dial 81C)anda
detection unit (sensor unit 82C) capable of detecting
that the rotary position of the safety operation mem-
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ber has reached a predetermined rotary position (a
second position PS2), which is an intermediate posi-
tion in a rotary rangeof the safety operationmember,
wherein
when the rotary position of the safety operation
member is at the predetermined rotary position,
the operation of the industrial robot is allowed, and
when the rotary position of the safety operation
member is not at the predetermined rotary position,
the operation of the industrial robot is disabled,
a gripper (gripper 43C) is formed at the end of the
operation terminal for a robot, which is gripped by an
operator, and
the safety operation member is located in a position
where part of the safety operationmember protrudes
from the end and is covered by the hand gripping the
gripper.

[0277] In the operation terminal for a robot shown in
this feature, the safety operation member is protruded at
a position covered by the hand gripping the gripper. By
placing the hand gripping the gripper against the safety
operation member, the safety operation member can be
maintained in a predetermined rotary position. In this
case, the friction between the gripping hand and the
safety operation member prevents the safety operation
member from moving, eliminating the need for fine ad-
justment of force. This is desirable in reducing the burden
on the operator.

Feature B10:

[0278] A feature B10 relates to the operation terminal
according to feature B9, wherein the gripper is formed
over a front surface section, a side surface section, and a
rear surface section of the operation terminal for a robot,
and the safety operation member is located in the side
surface section.
[0279] According to the configuration shown in this
feature, the palm of the operator’s hand gripping the
gripper can be placed on the safety operation member
to maintain the safety operation member at a predeter-
mined rotation angle. This reduces operator finger fati-
gue compared to maintaining the safety operation mem-
ber at a predetermined rotation angle with the fingers.

Feature B11:

[0280] A feature B11 relates to the operation terminal
according to feature B10, wherein

the gripper has a finger hook (side wall section 52 of
protrusion part 51) on the rear side of the operation
terminal,
the safety operationmember is allowed to bepushed
such that an among protruded from the side surface
section become smaller, and
when the safety operation member is pushed in, the

operation of the industrial robot is disallowed.

[0281] When an operator suddenly clenches the op-
erator’s handwhile hooking the tip of an operator’s finger
on the finger hook, the palm of the hand tends to be
pressed against the side surface section. When such a
hand movement occurs, the safety operation member is
pushed by the palm of the hand, and the safety operation
member is pushed in to disallow the movement of the
industrial robot. This configuration reduces the burden of
maintaining the safety operation member at the prede-
termined rotation angle and contributes to improving the
safety of the industrial robot.

Feature 12:

[0282] A feature B12 relates to the operation terminal
according to any one of features B1 to B11, including a
photosensor, servingas thedetectionunit, equippedwith
a light emitter (light emitter 83) and a light receiver (light
receiver 84),
wherein the light reception states of the light receiver are
different when the rotary position of the safety operation
member is at the predetermined rotary position andwhen
the rotary position of the safety operation member is at
any other position.
[0283] As shown in this feature, the use of an optical
sensor to detect the rotary position eliminates the need
for a contact structure (fixed or movable contact). Even if
the operation terminal for a robot is used repeatedly, the
possibility of malfunction or failure of the safety switch
due to wear can be reduced. In addition, because it is not
a contact structure, it is not necessary to rely on the
operator to maintain contact between contacts. This is
also desirable in reducing the burden on the operator
when maintaining the industrial robot in an allowable
state of operation.

Feature B13:

[0284] A feature B13 relates to an operation terminal
according to feature B12, including a reflector (reflector
87), which has a circular shape around a rotation center
axial line (axial line CL1) of the safety operation member
and rotates together with the safety operationmember in
response to an operator’s rotation operation;

wherein the reflector has a first portion that reflects
light from the light emitter toward the light receiver
and a second portion that does not reflect light from
the light emitter or reflects light to a position different
from the light receiver, the first portion and the sec-
ond portion are aligned in a direction of rotation,
when the rotary position of the safety operation
member is at the predetermined rotary position,
one of the first and second portions is located on a
path of the light emitted from the light emitter, and
when the rotary position of the safety operation
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member is at rotary position other than the prede-
termined rotary position, the other of the first portion
and the second portion is positioned on the path of
the light emitted from the light emitter.

[0285] According to the configuration shown in this
feature, the reflector rotates in response to an operator’s
rotation operation. As a result, the part of the reflector
irradiated with the light from the light emitter switches
between the first part and the second part. This allows a
difference between the light reception states of the light
receiver to be generated.

Feature B14:

[0286] A feature B14 relates to an operation terminal
according to any one of features B1 to B11, wherein

the detection unit has a first light sensor (first light
sensor 82aD) and a second light sensor (second
light receiver 82bD), the first light sensor including
a first light emitter (first light emitter 83) and a first
light receiver (first light receiver 84) to which light
from the first light emitter is irradiated; the second
light sensor including a second light emitter (second
light emitter 85) and a second light receiver (second
light receiver 86) to which light from the second light
emitter is irradiated,
when the rotary position of the safety operation
member is at a predetermined rotary position, the
light reception state of the first light receiver and the
second light receiver is in a predetermined state
(LOW signal level),
when the light reception states of the first light re-
ceiver and the second light receiver are both in the
predetermined state, the operation of the industrial
robot is allowed, and
when at least one of the light reception states of the
first light receiver and the second light receiver is not
in the predetermined state, the operation of the in-
dustrial robot is disallowed.

[0287] As shown in this feature, the use of an optical
sensor to detect the rotary position eliminates the need
for a contact structure (fixed or movable contact). This
means that even if the operation terminal for a robot is
used repeatedly, thepossibility ofmalfunctionsor failures
of the safety switch due to wear can be reduced. And
because it is not a contact structure, there is no need to
rely on the operator to maintain contact between con-
tacts. This is also desirable in reducing the burden on the
operator when maintaining the industrial robot in an
allowable state of operation.
[0288] When the light reception state of the first light
receiver and the second light receiver are both in the
predetermined state, the operation of the industrial robot
is allowed.When at least one of the light reception states
of the first and second light receivers is not in a prede-

termined state, the operation of the industrial robot is
disallowed. This configuration prevents the inconveni-
ence of accidentally disallowing the operation of the
industrial robot in situations where the operation of the
robot should normally be disallowed.

Feature B15:

[0289] A feature B15 relates to an operation terminal
according to feature B14, wherein the first light sensor
and the second light sensor are arranged in opposite
directions to each other.
[0290] According to the configuration shown in this
feature,mutual interferencebetween the first light sensor
and the second light sensor can be suppressed even
when multiple light sensors are used together.

Feature B16:

[0291] A feature B16 relates to an operation terminal
according to feature B15, wherein the first light sensor
and the second light sensor are arranged so as to flank
the rotation center axial line (axial line CL1) of the safety
operation member.
[0292] The configuration shown in this feature contri-
butes to the miniaturization of the safety switch. In addi-
tion, the light reception states of the two optical sensors
(light receivers) can be aligned to ensure redundancy.
This configuration makes it possible to easily identify a
possible sensor failure basedon thedifference in the light
reception state.

Feature B17:

[0293] A feature B17 relates to a safety switch (enable
switch 49B) applied to an operation terminal for a robot
(operation terminal 15B), which is used to operate an
industrial robot (robot main body 11), including:

a rotary-type safety control unit (control dial 81) and
a detection unit (sensor unit 82) capable of detecting
that the rotary position of the safety operation mem-
ber is at a predetermined rotary position (a second
position PS2), which is an intermediate position in
the rotary range of the safety operation member,
wherein
when the rotary position of the safety operation
member is at the predetermined rotary position,
the operation of the industrial robot is allowed, while
when the rotary position of the safety operation
member is not at the predetermined rotary position,
the operation of the industrial robot is disallowed,
the safety switch is provided with a finger rest(finger
rest 92) formedaround thesafety operationmember,
and, an operator places a finger thereof operating
the safety operationmember when the safety opera-
tion member is rotated to and held at the predeter-
mined rotary position.
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[0294] In the configuration shown in this feature, by
placing the finger operating the safety operationmember
on the finger rest provided around the safety operation
member, the finger can contact both the safety operation
member and the finger rest. This means that the finger
rest can be used as an auxiliary finger rest. In other
words, the finger rest can be used as an aid to reduce
dependence on finger force in maintaining the position
and shape of the finger operating the safety operation
member. For example, the finger position in the axial line
direction is less likely to vary by placing the fingertip or the
like against the finger rest (stopper function), and the
finger position in the orbital direction is less likely to vary
due to resistance provided by the friction created by
placing the fingertip or the like against the finger rest
(resistance generating function). By reducing the burden
on the operator (finger) in this way, it becomes easier to
maintain a state in which the industrial robot is allowed to
move.
[0295] The configuration shown in this feature may be
modified as follows.
[0296] "A modification relates to a safety switch (en-
able switch 49C) applied to an operation terminal for a
robot (operation terminal 15C), which is used to operate
an industrial robot (robot main body 11), including:

a rotary-typesafety control unit (control dial 81C)and
a detection unit (sensor unit 82) capable of detecting
that the rotary position of the safety operation mem-
ber is at a predetermined rotary position (a second
position PS2), which is an intermediate position in
the rotary range of the safety operation member,
wherein
when the rotary position of the safety operation
member is at the predetermined rotary position,
the operation of the industrial robot is allowed, while
when the rotary position of the safety operation
member is not at the predetermined rotary position,
the operation of the industrial robot is disallowed,
a gripper is formed at am end of the operation term-
inal, the gripper being gripped by an operator, and
the safety operation member is located in a position
where part of the safety operationmember protrudes
from the end and is covered by the hand gripping the
gripper.

[0297] The technical configurations shown in features
B1 - B16 described abovemay be applied to or combined
with the configurations of feature B17.

<Feature C group> Insertion type

[0298] The following is an explanation of feature C,
which is a technical idea extracted mainly from the fifth
and sixth embodiments and their modifications.
[0299] The background art for the following feature C
group is as follows:
"Some operation terminals, such as teaching pendants

used to operate industrial robots, are equipped with an
enable switch to improvesafety duringmanual operation.
The enable switch is a safety switch to enable or disable
manual operations of the robot main body. In recent
years, this type of switch enables manual operation of
the robotmain bodywhen the operation device is pushed
a little (i.e., pushed to the middle position). On the other
hand, theswitch that disables themanual operationwhen
the device is pushed a large amount has been proposed
(see, for example, Patent Document 1)."
[0300] The issues that can be derived from this back-
ground art are as follows:
"It is necessary to hold the operation device at the inter-
mediate position to keep the manual operation enabled,
and it is also necessary to keep applying a constant force
so that the force of the finger operating the operation
device does not become too weak or too strong. In
practice, even if the operator is aware of the force to
be applied, a certain degree of fluctuation occurs with
respect to said force. Therefore, some operators may
operate themachine in such a way that the operators are
conscious of the shape of their hands (fingers) and
maintain their hands in a certain shape. However, it
can be a great burden for the operator to keep applying
force and maintaining the hand in the same shape for a
long period of time. This is a concern thatmay reduce the
efficiency of operations using the operation terminal."

Feature C1:

[0301] A feature C1 relates to an operation terminal for
a robot (operation terminal 15) used for operating an
industrial robot (robot main body 11), including a safety
switch (enable switch 49H) provided with an insertion
hole (insertion hole 101) intowhich a finger of an operator
is inserted, and a detection unit (sensor unit 111) detect-
ing a position of the inserted finger into the insertion hole,
wherein
when the insertion position detected by the detection unit
is the first inserted position, the operation of the industrial
robot is allowed, while when the finger is not inserted into
the insertion hole or the insertion position detected by the
detection unit is not at a first inserted position, the opera-
tion of the industrial robot is disallowed.
[0302] Hence, the industrial robot is allowed to operate
by inserting an operator’s finger into the insertion hole
and holding the finger in place. This configuration elim-
inates the need to continuously apply force against the
force of a spring or the like, or to maintain the finger in a
certain shape, as is the case with conventional safety
switches. In other words, the burden on the operator’s
fingers in maintaining the motion-allowed state can be
suppressed. This is desirable in reducing operator fati-
gue and improving work efficiency.
[0303] It is also assumed that the operator performs a
reflexactionof releasingor clenching theoperator’shand
when the operator encounters an unexpected hazardous
situation. According to the safety switch shown in this
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feature, if the position of the finger is shifted to the en-
trance or back side of the insertion hole by these reflex
actions, the finger insertion position is out of the prede-
termined position. This enables the operation of the in-
dustrial robot.
[0304] For these reasons, it can contribute to improved
safety and reduced burden on the operator when using
the operation terminal for a robot.

Feature C2:

[0305] A feature C2 relates to the operation terminal
according to feature C1, wherein the insertion hole is
positioned to allow insertion of at least any of the fingers
of the hand holding the operation terminal for the robot.
[0306] By devising the position of the insertion hole as
shown in this feature, the operator can use the fingers of
his or her hand holding the operation terminal to keep the
industrial robot in an allowable state of operation. This is
desirable for the operator’s convenience.

Feature C3:

[0307] A feature C3 relates to the operation terminal
according to feature C1, wherein

at an end of the operation terminal, there is formed a
gripper (gripper 43) to be gripped by the operator,
and
the insertion hole is formed at a position where at
least one of the fingers of the hand gripping the
gripper can be inserted.

[0308] In the configuration shown in feature C1, where
the operation allowance state is maintained by holding
the finger in place, no particular force is required to be
applied to the finger that is inserted into the insertion hole.
In other words, this configuration does not require both
the force to grip the operation terminal and the force to
maintain the operation allowance state. Hence, when the
gripper and the insertion hole are used together, the
burden on the gripping hand is not excessive.

Feature C4:

[0309] A feature C4 relates to the operation terminal
according to any one of features C1 to C3, wherein the
insertion hole is structured to be in a straight form.
[0310] The straight structure of the insertion hole, as
shown in this feature, can suitably avoid the finger getting
caught in the insertion hole when the operator tries to pull
it out. This is desirable for promptly switching from the
"allowance" state to the "disallowance" state.

Feature C5:

[0311] A feature C5 relates to the operation terminal
according to any one of features C1 to C3, wherein the

insertion hole is provided in one of a front surface section
and a rear surface section of the operation terminal and
extends parallel to the one of the sections.
[0312] As shown in this feature, the insertion hole is
parallel to the face section (front surface section or rear
surface section) of the operation terminal for a robot. This
prevents the finger from being bent during insertion. This
prevents the finger from getting caught in the insertion
holewhen theoperator tries to pull it out. This cansuitably
avoid the finger from getting caught in the insertion hole.
In addition, the finger can be pulled out by moving the
hand along the surface. This prevents complicated hand
and finger movements during withdrawal.

Feature C6:

[0313] A feature C6 relates to the operation terminal
according to feature 5, wherein the insertion hole is
located to be deviated to one of left and right ends of
the operation terminal in a deviated position, and the
insertion hole has an entrance portion (entrance 101a)
which faces the one end.
[0314] According to the configuration shown in this
feature, the left and right ends of the operation terminal
can be gripped, and at the same time, any of the fingers
can be inserted into the insertion hole without difficulty.

Feature C7:

[0315] A feature C7 relates to the operation terminal
according to any of features 1 to 6, wherein the prede-
terminedposition is shiftedclosely to theentranceportion
of the insertion hole.
[0316] For example, if the finger insertion allowance is
increased, it is necessary to spread the fingers wide to
prevent other fingers from getting in the way when in-
serting the finger, which may increase the burden on the
operator.On thispoint, if the target position is closer to the
entrance portion as shown in this feature, the finger
insertion allowance can be reduced while allowing the
finger to move further inward. This can eliminate the
above concerns.

Feature C8:

[0317] A feature C8 relates to the operation terminal
according to any of features C1 to C7, wherein

the insertion hole has an opposing portion (housing
102) facing the rear surface section or front surface
section of the operation terminal with a finger inser-
tion gap (insertion space IS),
the rear surface section or the front surface section
has a portion forming the insertion gap together with
the opposing section, the portion serving as a mo-
vable member (reflector 117K) allowed to be dis-
placed away from the opposing section, and
the movable member is configured to be pushed by
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the finger inserted in the predetermined position to
disengage the finger from the predetermined posi-
tion.

[0318] If the operator suddenly and tightly clenches
(grips) the operator’s hand, the movable member will be
pushed in by the finger that is being inserted. The finger
that has pushed the movable member into the position is
removed from the predetermined position, thereby
switching to the inoperable state. This contributes to
improved safety. In addition, since it is not necessary
to push themovablemember in order to hold the finger at
the predetermined position, the increased safety avoids
an increased burden on the operator.

Feature C9:

[0319] A feature C9 relates to the operation terminal
according to feature C8, wherein the movable member
extends outward from the entrance portion of the inser-
tion hole.
[0320] Since themovable section is extended from the
entrance portion as shown in this feature, it is less likely
that the fingers will hit the rear surface section or front
surface section (the peripheral portion of the movable
section) and prevent the movable section from being
pushed into the entrance portion.

Feature C10:

[0321] A feature C10 relates to the operation terminal
according to any one of features C1 to C9, wherein

the detection unit is provided as a light sensor having
a light emitter (light emitter 112, 114) and a light
receiver (light receiver 113, 115) to which light
emitted from the light emitter is irradiated, and
the light receiver exhibits a light reception state
which is different between when the finger insertion
position, in the insertion hole, is at the predetermined
position andwhen the finger insertion position at any
other position other than the predetermined position.

[0322] As shown in this feature, the use of an optical
sensor for finger position detection eliminates the need
for a contact structure (fixed or movable contact). This
means that even if the operation terminal for a robot is
used repeatedly, the chances of malfunction or failure of
the safety switch due towear can be reduced. In addition,
because it is not a contact structure, it is not necessary to
rely on the operator to maintain contact between con-
tacts. This is also desirable in reducing the burden on the
operator when maintaining the industrial robot in an
allowance state of operation.

Feature C11:

[0323] A feature C11 relates to the operation terminal

according to any one of features C1 to C9, wherein

the detection unit is equipped with a first light sensor
(first light sensor 111a) havingafirst light emitter (first
light emitter 112) and a first light receiver (first light
receiver 113) towhich light fromsaid first light emitter
is irradiated, and a second light sensor (second light
sensor 111b) having a second light emitter (second
light emitter 114) and a second light receiver (second
light receiver 115) towhich light from the second light
emitter is irradiated is provided;
the first light sensor is located closer to the entrance
portion of the insertion hole than the second light
sensor is and the second light sensor is located
closer to a back side of the insertion hole than the
first light sensor is;
both of a light path from the first light emitter to the
first light receiver and a light path from the second
light emitter to thesecond light receiver crossafinger
insertion path in the insertion hole; and
when light reception states of the first light receiver
and the second light receiver are both in a prede-
termined state (HIGH signal level), the operation of
the industrial robot is disallowed,
when the light reception state of the second light
receiver is in the predetermined state and the light
reception state of the first light receiver is not in the
predetermined state, the operation of the industrial
robot is allowed, and
when neither the light reception state of the first light
receiver nor the light reception state of the second
light receiver is in the predetermined state, the op-
eration of the industrial robot is disallowed.

[0324] As shown in this feature, the use of an optical
sensor for finger position detection eliminates the need
for a contact structure (fixed or movable contact). This
means that even if the operation terminal for a robot is
used repeatedly, the chances of malfunction or failure of
the safety switch due to wear can be reduced. And
because it is not a contact structure, there is no need
to rely on the operator to maintain contact between con-
tacts. This is also desirable in reducing the burden on the
operator when keeping the industrial robot in an allow-
able state of operation.
[0325] Additionally, as shown in this feature, the first
and second light sensors can be positioned in a geome-
trical view with positions of the entrance portion and the
back side in the insertion hole. In this state, the light
reception state of each light sensor (light receiver) can
also be used to switch between allowance and disallow-
ance states. The load on the finger can be reduced when
keeping the inserted finger in the "allowance" state.

Feature C12:

[0326] A feature C12 relates to the operation terminal
according to feature C11, wherein
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the operation terminal has a rear surface section and
a front surface section having a wall portion which
composespart of an innerwall of the insertion hole, a
movable member (reflector 117K) being provided in
the wall portion so as to displace in a thickness
direction of the operation terminal, and
the light reception state of the second light receiver is
made different from the predetermined state (LOW
signal level) when the finger pushes the movable
member in the insertion hole.

[0327] When the operator suddenly clenches (grips)
the operator’s hand deeply, the movable member is
pushed by operator’s fingers and the light reception state
of the second light receiver changes from the predeter-
mined state to a different state. In other words, it can be
identified from the light reception state of the second light
receiver that the sudden clenching action occurs. This
device contributes to the realization of a configuration
that disables the operation of the industrial robot when
the hand is deeply clenched in a moment of urgency.

Feature C13:

[0328] A feature C13 relates to the operation terminal
according to feature C12, wherein the movable member
is a reflector that reflects light emitted from the second
light emitter to the second light receiver, and
the second light emitter has an optical axis which is
inclined at an angle to the movable member.
[0329] According to the configuration shown in this
feature, when the movable member is pushed and dis-
placed by a finger, the distance from the second light
emitter to the movable member changes.
Theoptical axis of thesecond light emitter is inclinedatan
angle to the movable member. Hence, the change in the
distance changes the optical path, and the light reception
state of the second light receiver can be changed from a
predetermined state to another state.

Feature C14:

[0330] A feature C14 relates to the operation terminal
according to feature C12, wherein the movable member
is a reflector that reflects light emitted from the second
light emitter to the second light receiver, and themovable
member is allowed to change a tilt thereof by being
pushed by a finger inserted into the insertion hole, and
the light emitted from the second light emitter to the
movablemember is changed in an incident angle thereto
and a reflection angle therefrom in response to a change
in the tilt of the movable member.
[0331] According to the configuration shown in this
feature,when themovablemember is pressedbyafinger
and the tilt of themovablemember changes, the incident
angle and reflection angle of light to and from the second
light emitter to the movable member will change. As a
result, the light pathchanges,and the light receptionstate

of the second light receiver can be changed from the
predetermined state to another state. According to the
configuration shown in this feature, a clear difference in
the light path can be generated even if the tilt of the
movable member is not changed excessively large. This
is desirable to reduce the operating area of the movable
member and to realize space saving of the safety switch.

Feature C15:

[0332] A feature C15 relates to the operation terminal
according to any of features C10 to C14, wherein

the insertion hole has an opposing portion (housing
102) that faces the rear surface section or the front
surface section of the operation terminal with a gap
formed to either of the rear and front surface sec-
tions, the gap accepting insertion of a finger, and
the photo sensor is arranged to be closer to either
one of the rear or front surface section than the other
is.

[0333] When inserting a finger into an insertion hole, it
is necessary to open the finger wide to avoid interference
between the insertion hole and other fingers. This is
undesirable because it places a heavy burden on the
operator. On this point, as shown in this feature, for
example, if the optical sensor is installed in the rear
surface section or front surface section, the width of
the insertion hole (the size in the direction perpendicular
to the insertion direction) can be reduced as much as
possible. Such a configuration can reduce the angle at
which the finger is opened, thereby contributing to a
reduction in the operator’s burden.

Feature C16:

[0334] A feature C16 relates to the operation terminal
according to any of features C1 to C3, wherein

the operation terminal has an end onwhich a gripper
(gripper 43H) that is gripped by the operator is
formed, and
the insertion hole is formed to extend in a direction of
the thicknessof theoperation terminal, and is formed
in a position where a finger of the hand gripping the
gripper is allowed to be inserted into the insertion
hole.

[0335] In the configuration shown in feature C1, where
the operation allowance state is maintained by holding
the finger in place, there is no need to put any particular
force into the finger that is inserted into the insertion hole.
Tobespecific, this configurationdoesnot requireboth the
force to gripper the operation terminal for a robot and the
force to maintain the operation allow state. Thus, even
when thegripperand the insertionholeareused together,
the burden on the gripping hand is not excessive.
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[0336] In addition, the insertion hole extends in the
direction of the thickness of the operation terminal. This
makes it easy to insert a finger of the hand gripping the
gripper without difficulty. This is desirable to reduce the
burden on the operator.

Feature C17:

[0337] A feature C17 relates to the operation terminal
according to feature C16, including a movable member
(reflector 117K) arranged on a part partly composing an
inner wall of the insertion hole, the movable member
being displaced outside the operation terminal, the mo-
vable member being pushed by the finger inserted into
the insertion hole, thus causing the finger’s position to
deviate from the predetermined portion.
[0338] If the operator suddenly and deeply clenches
the operator’s hand, themovablememberwill be pushed
outwards by the finger and the movable member will be
displaced, causing the finger tomoveout of position. This
configuration will contribute to the realization of a con-
figuration that disables the operation of the industrial
robot when the operator’s hand is clenched deeply.

Feature C18:

[0339] A feature C18 relates to a safety switch (enable
switch 49H) applied to an operation terminal for a ro-
bot(operation terminal 15) used for operating an indus-
trial robot (robot main body 11), including:

an insertion hole (insertion hole 101) into which an
operator’s finger is allowed to be inserted; and
a detection unit (sensor unit 111) detecting an in-
serted position of the finger in the insertion hole, the
detection unit being arranged in the insertion hole,
wherein
when the inserted position detected by the detection
unit is at a first inserted position, operations of the
industrial robot are allowed, while when the finger is
not inserted into the insertion hole, or when the
inserted position detected by the detection unit is
not at the first inserted position, the operations of the
industrial robot are disallowed.

[0340] By inserting a finger into the insertion hole and
holding the finger in place, the operation of the industrial
robot is allowed.This configurationeliminates theneed to
continuously apply force against the force of a spring or
the like, or to maintain the finger in a certain shape, as is
the case with conventional safety switches. In other
words, the burden on the operator’s fingers in maintain-
ing the motion-allowed state can be suppressed. This is
desirable in reducing operator fatigue and improving
work efficiency.
[0341] It is also assumed that the operator performs a
reflex action of releasing or tightly clenching the opera-
tor’s hand when the operator encounters an unexpected

hazardous situation. According to the safety switch
shown in this feature, these reflex actions shift the finger
position to the entrance or back side of the insertion hole.
Therefore, the insertion position of the finger is out of the
predetermined position, and the operation of the indus-
trial robot becomes impossible.
[0342] For these reasons, the feature can contribute to
improved safety and reduced burden on the operator
when using the operation terminal for a robot.

Feature C19:

[0343] A feature C19 relates to the operation terminal
according to feature C18, wherein the insertion hole is
adapted to extend in the direction of the thickness of the
operation terminal for a robot.
[0344] It is advantageous to have the insertion hole
extend in the direction of the thickness of the operation
terminal, so that the safety switch can coexist with other
switches and other peripheral components.

Feature C20:

[0345] A feature C20 relates to the operation terminal
according to feature C19, including a movable member
(reflector 117K) that can be displaced in a direction that
intersects with the direction of finger insertion is provided
in the portion forming the inner wall of the insertion hole,
wherein
the movable member is configured to be pushed into the
insertion hole by a finger inserted into the insert hole,
thereby disengaging the finger from the predetermined
position.
[0346] If theoperator suddenly clenches theoperator’s
hand and the inserted finger pushes the movable mem-
ber, the finger will be displaced from its position as the
movable member is displaced. This configuration con-
tributes to the realization of a configuration that disables
the operation of the industrial robot when the hand is
clenched.

Feature C21:

[0347] A feature C21 relates to a safety switch (enable
switch 49H) applied to an operation terminal for a ro-
bot(operation terminal15) used for operatingan industrial
robot (robot main body 11), including:

an insertion hole (insertion hole 101) into which an
operator’s finger is allowed to be inserted; and
a detection unit (sensor unit 111) detecting a position
of the finer inserted in the insertion hole, the detec-
tionunit beingarranged in the insertionhole,wherein
the detection unit incudes a first sensor (first light
sensor 111a) detecting the finger at a position of the
insertion hole, which is closer to an entrance of the
insertionhole thanabacksideof the insertionhole is,
and a second sensor (second light sensor 111b)
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detecting the finger at a position closer to the back
side than the entrance is,
when neither the first sensor nor the second sensor
detects the finger, operations of the industrial robot
are disallowed,
when the first sensor detects the finger and the
second sensor does not detect the finger, operations
of the industrial robot are allowed, and
when both the first sensor and the second sensor
detect the finger, operations of the industrial robot str
disallowed.

[0348] As shown in this feature, it is also convenient to
arrange the first and second sensors along the direction
of path of the insertion hole. Depending on the finger
detection statusesof the respective sensors, it is possible
to switch between the "allowance" state and the "disal-
lowance" state. Therefore, it is not necessary to apply
force to the inserted finger to achieve the "allowance"
state. In addition, the load on the inserted finger can be
suitably reduced when the finger is held at a predeter-
mined position and maintained in the "operation allow-
ance" state.

(Partial reference sings list)

[0349]

10...robot system
11...robot main body
14...robot controller
15...operation terminal
41...display
42...housing
42a...front surface section
42b...rear surface section
42c...side surface section
43...gripper
44...hand strap
49...enable switch
51...protrusion part
57...operation device
58...forcing member
59...force sensor
59a...first force sensor
59b...second force sensor
61...control board
62...CPU
63...ROM
64...RAM
81...control dial
81a...side wall section
82...sensor unit
82a...first light sensor
82b...second light sensor
83...light emitter
84...light receiver
85...light emitter

86...light receiver
87...reflector
88...reflecting part
89...slit
92...finger rest
101...insertion hole
102...housing
103...inner cover
111...sensor unit
111a...first light sensor
111b...second light sensor
112...light emitter
113...light receiver
114...light emitter
115...light receiver
117...reflector
121...concave part,
CL1~CL4...axial line
IS...insertion (inserted) area∘

Claims

1. Anoperation terminal for a robot (15) used tooperate
an industrial robot (11), including:

a safety switch (49B) has a rotary-type safety
control unit (81) and a detection unit (82) that
detects when the rotary position of the safety
operation member has reached a predeter-
mined rotary position (PS2), which is an inter-
mediate position at the rotary range of the safety
operation member,
wherein when the rotary position of the safety
operationmember isat thepredetermined rotary
position, the operation of the industrial robot is
allowed, and when the rotary position of the
safety operation member is not at the predeter-
mined rotary position, the operation of the in-
dustrial robot is disallowed, and
afinger rest (92) onwhich theoperator canplace
the fingers operating the safety operation mem-
ber during which the operator holds the safety
operation member in a state where the safety
operation member is rotated to and at the pre-
determined rotary position.

2. The operation terminal according to claim 1, wherein

the safety operation member has an annular
shape about a rotation center axial line (CL1)
of the safety operation member and has an
operation surface part (81a) parallel to the rota-
tion center axial line, and
the finger rest is flat and faces in a different
direction from the operation surface part.

3. The operation terminal according to claims 1 or 2,
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wherein the finger rests are flat and formed to sur-
round the safety operation member in the front view
of the safety operation member.

4. The operation terminal according to any one of
claims 1 to 3, wherein

the first rotary position and the second rotary
position are provided as the predetermined ro-
tary position,
the safety operationmember is configured to be
in awaiting state at a rotary position between the
first rotary position and the second rotary posi-
tion when no rotation operation is performed by
the operator,
to set the rotary position of the safety operation
member to the first rotary position by rotating the
safety operation member in the first direction
under the situation where the safety operation
member is in the waiting state, and
to set the rotary position of the safety operation
member to the second rotary position by rotating
the safety operation member in the second di-
rection under the situation where the safety
operation member is in the waiting state.

5. The operation terminal according to any one of
claims 1 to 4, including a photo sensor, serving as
the detection unit, equipped with a light emitter (83)
and a light receiver (84),
wherein the light reception states of the light receiver
are different when the rotary position of the safety
operation member is at the predetermined rotary
position and when the rotary position of the safety
operation member is at any other position.

6. A safety switch (49B) applied to an operation term-
inal for a robot (15B), which is used to operate an
industrial robot (11), including:

a rotary-type safety control unit (81) and
adetectionunit (82) capableof detecting that the
rotary position of the safety operationmember is
at a predetermined rotary position (PS2), which
is an intermediate position in the rotary range of
the safety operation member,
wherein
when the rotary position of the safety operation
member is at the predetermined rotary position,
the operation of the industrial robot is allowed,
while when the rotary position of the safety
operation member is not at the predetermined
rotary position, the operation of the industrial
robot is disallowed,
the safety switch is provided with a finger
rest(92) formed around the safety operation
member, and, an operator places a finger there-
of operating the safety operation member when

the safety operation member is rotated to and
held at the predetermined rotary position.
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